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ABSTRACT
Application of composted municipal waste to agricultural lands has 
potential benefits to improve soil fertility and crop yield. It may lead to 
accumulation of heavy metals within soils and leaching of nutrients and heavy 
metals into the ground water. The objectives of this study were to investigate: 
1) the effects of com posted municipal waste and fertilizer on soil chemical 
properties and sugarcane elemental uptake and yield; and 2) the leachability 
of elements in com post amended soils.
Results of three field experiments from a  Baldwin silty clay loam and a 
Memphis silt loam showed that compost application at ^33.6 Mg/ha increased 
soil nutrients, organic matter, and pH. Compost application also increased the 
Cu, Zn, Cd, and Pb for the Baldwin soil and Cu for the Memphis soil. The 
increased metal concentrations were much lower than toxic levels.
Plant tissue and sugar juice data demonstrated that com post was 
beneficial for sugarcane growth and there was no heavy metal accumulation. 
Yield da ta  indicate that com post application at >134.4 Mg/ha can produce 
plant cane and sugar yields equivalent to those obtained by applying inorganic 
fertilizer (179 kg N, 101 kg P20 5, 134 kg HCp, and 27 kg S per hectare) on a 
Baldwin soil.
The correlation analysis between extracted trace metals in soils and plant 
tissue digests showed that the increased heavy metals did not reflect the 
am ounts taken up by sugarcane. This indicates that the DTPA method of soil
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metal extraction is a  questionable index for the bioavailability of trace metals in 
com post amended soils.
Leaching experiments using soil columns showed that nutrient and 
heavy metal concentrations in leachate increased with increasing com post rate, 
but decreased with time. Concentrations of N 03-N, S 0 4-S, and Cl' were higher 
than the primary or secondary drinking water standards during the first 2 wk. 
But, heavy metal concentrations were lower than the primary or secondary 
drinking water standards throughout the leaching period except for Mn. These 
results suggest that there is a  potential contamination of groundwater with the 
nutrients following com post application, but contamination of groundwater with 
heavy metals should be negligible.
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CHAPTER 1
COMPOSTED MUNICIPAL WASTE EFFECTS ON SOILS 
AND PLANTS: A LITERATURE REVIEW
1.1. Introduction
Sewage sludge, solid waste, and their com posts have been used as  a  
source of nutrients to increase soil fertility and crop production throughout the 
history of farming. These materials were a  primary source of added N and 
other nutrients prior to the development of chemically produced fertilizers and 
distribution systems. Since inorganic fertilizers are easily handled and 
distributed and can supply plant nutrients, the application of organic residues 
to agricultural lands has been greatly reduced. However, the consequent 
buildup of waste materials has led to a  growing concern for the safe and 
economical disposal of waste materials in the US and the world.
Because of the lack of suitable landfill sites, increasing costs for 
landfilling, and concerns for the environment, many landfills have been closed 
or are in the process of closing. For example, traditional landfill facilities 
declined 20% from 1988 through 1990 (Glenn and Riggle, 1991). Municipalities 
have sought alternative m ethods of disposal for their sew age sludge and solid 
wastes. One viable alternative to "disposal" is to apply com posted waste to 
agricultural lands.
Application of com posted municipal wastes to agricultural lands offers 
several agricultural and environmental advantages over landfilling. Composted 
municipal wastes provide a  number of plant nutrients (Stadelmain, 1984; Hue,
1988). Sugarcane, one of the principal crops in Louisiana, has a  high 
requirement for N and other nutrients contained in municipal wastes. The use 
of com posted municipal wastes also improves soil structure and increases 
organic matter. Many soils in south Louisiana are poorly drained and are 
frequently too wet to support equipment. Increasing the organic matter content 
of these soils is likely to improve drainage and aeration and reduce the need 
for heavy application of chemical N that is subject to loss by denitrification and 
runoff. Potentially, com post application will lower operational costs and 
decrease air, surface, and ground water pollution (Airan and Bell, 1980).
There is a  legitimate concern that the use of municipal wastes in the 
production of crops consumed directly by the public may contain unacceptable 
levels of heavy metals. High heavy metal concentrations may impair crop 
growth and excessive accumulation of heavy metals in soils and other media 
may eventually contaminate both human and other animal food chains 
(Chaney, 1973; Page, 1974; Leeper, 1978; Barbera, 1987). Thus, careful 
monitoring of the chemical composition of composts, plants and soils is 
essential to ensure public safety. Monitoring nutrient uptake can also aid in the 
development of management strategies that avoid nutrient limitations or 
excesses during the growing season.
There is a  potential of heavy metal leaching from wastes that may 
contaminate ground water. Sposito et al. (1982) indicated that the water- 
soluble fraction of sew age sludge is similar to the fulvic acid fraction in mature
soil organic matter, which is especially reactive with trace metal cations. 
Therefore, the water-soluble organic matter fraction enhances trace metal 
solubility and results in an increase of trace metal concentration in the soil 
solution. In addition to heavy metals, the leaching of plant nutrients and other 
anions, which occurs immediately after com post application, may also 
contaminate ground water. Among plant nutrients, N is the most likely 
pollutant. The N in municipal sewage sludge is usually in organic and 
ammonium forms, with very little as nitrate. After sludge is applied to soils, 
soluble NO3-N is released following mineralization and nitrification and may be 
leached (Sidle and Kardos, 1979). Therefore, it is very important to evaluate 
heavy metals and N 03-N as  potential ground water contaminants.
The objectives of this study were: 1) to determine the effects of com post 
and fertilizer on soil chemical properties; 2) to determine the effects of com post 
and fertilizer on sugarcane elemental uptake and yield; and 3) to a sse ss  the 
potential ground water contamination due to the leaching of heavy metals and 
plant nutrients from com post amended soils.
1.2. Compost Effects on Soils
1.2.1. Chemical composition of composts
Composts are produced through a  process resulting from controlled 
biological decomposition of organic wastes into partially humified materials 
(Tan, 1994). Chemical composition of com posts varies widely with geographic 
region, seasonal variation in raw input, and facilities with differences in
pretreatment and processing control. Chemical properties of municipal solid 
waste com posts have been reviewed by He et al. (1992). Data for chemical 
analysis of selected com post from the US and representative European 
countries are given by Bengston and Conette (1973), Terman and Mays (1973), 
De Haan (1981), Gonzalez-Vila et al. (1982), and Petruzzelli et al. (1985). The 
average organic carbon (OC) content is about 30% in the US (Bengston and 
Cornette 1973; Terman and Mays, 1973). The average organic matter (OM) 
content of com posts ranges from 50% to 60% when a  factor of 1.7 to 2.0 is 
used to convert OC to OM (Nelson and Sommers, 1982). Concentrations of 
N (1.3%) and P (0.26%) in municipal solid waste com posts are considerably 
higher than those in most agricultural soils (Terman and Mays, 1973). Only 10 
to 15% of the total N in com post is available in the first year and no residual 
effect remains in the second year (De Haan, 1981). Up to 15% of the P is 
available in both the first and second years (De Haan, 1981). The K content 
of com post is 0.97% (Terman and Mays, 1973) and may all be available (De 
Haan, 1981).
Organic matter composition in com posts consists of both humic and 
nonhumic fractions. Nonhumic fractions are defined as any organic 
com pounds belonging to known biochemistry classes, such as amino acids, 
carbohydrates, and low molecular weight organic acids (Stevenson, 1982). 
Gonzalez-Vila et al. (1982) used methylene chloride to extract the nonhumic 
fraction from composted municipal solid waste and reported that the nonhumic
com pounds comprise about 0.3% of the total com post mass. Studies on the 
amount of nonhumic fractions determined using different extraction methods 
have been reported by Harada et al. (1981), Gonzalez-Vila et al. (1982), and 
Garcia et al. (1989).
The humic components include humic acid, fulvic acid, and humin 
fractions. Humic substances have been extracted from com posts and studied 
using the techniques commonly employed for investigation of humic 
substances typically found in soils and sediments. These techniques include 
alkaline extraction and separation into humic acid, fulvic acid, and humin 
fractions based on solubility in group analyses and spectroscopic analyses. 
The distribution of com post organic C in humic components has been 
determined by Suganhara and Inoko (1981), Roletto et al. (1985), Saviozzi et 
al. (1988), and Inbar et al. (1990).
Heavy metal contents of com posts vary widely depending on both the 
source and composting processe. Walker and O’Donnell (1991) investigated 
five composting facilities in the USA and reported that in municipal solid waste 
com posts the average contents of metals were 582.8 mg/kg Zn, 235.5 mg/kg 
Pb, 212.5 mg/kg Cu, 72.4 mg/kg Cr, 36.2 mg/ kg Ni, 3.5 mg/kg Cd, and 2.4 
mg/kg Hg.
Heavy metals can exist in a  variety of forms in com posts and soils. 
Heavy metals in different forms have different mobilities and bioavailabilities 
and, consequently, have different potential for environmental contamination
6(Lake et al., 1984; Petruzzelli, 1989). Trace metal fractionation has been 
determined using a  single extraction with one reagent or sequential extraction 
with different reagents. The extracts commonly used for a  single form of trace 
metals include H20  ( water soluble), KN03 (exchangeable), Na4P20 7 (organic 
matter bound), ethylendiaminetetraacetic acid (EDTA) (carbonate precipitates), 
and HN03 (residual forms) (Lake et al., 1984). Lake et al. (1984) and Petruzzelli 
(1989) have reviewed trace metal speciation methods and techniques.
Water-extractable heavy metals are the most active form and considered 
highly available for plant uptake. Water-extractable heavy metals also have the 
highest potential for the contamination of surface and ground water and food 
chain. Leita and De Nobili (1991) found that water-extractable Zn was 1.3%, Cu 
was 2.0%, and Pb was <0.2% of total metal content in municipal solid waste 
com posts at the end of 160 days of composting. Water-extractable Cd was 
below detectable level at the end of 160 days composting. Petruzzelli (1989) 
reported that water-soluble heavy metals were very low (<0.01 mg/kg for Cd, 
Ni, and Pb)
Garcia et al. (1990) used an extraction method with CaCI2 and 
diethylenetriaminepentaacetic acid (DTPA) to examine heavy metal extractability 
in municipal solid waste composts. Their results showed that CaCI2-extractable 
Fe, Cu, Mn, Zn, Ni, and Pb were 2.7, 0.5, 0.7, 0.3, 0, and 3.5% of the total 
metal content after 90 days of composting, respectively. The DTPA-extractable 
Fe, Mn, Ni, Pb, Cu, and Zn were 1.1, 9.8, 3.8, 21.1, 18.0, and 35.2%,
respectively. More trace metals were extracted by DTPA than by CaCI2 except 
Fe. This indicates that a  greater portion of most trace metals were bound by 
organic com pounds rather than held on exchange sites.
1.2.2. Effect on soil pH
Municipal com posts have a  neutral or slightly alkaline pH and a  high 
buffering capacity. These properties are extremely useful when the compost 
is applied to acid soils where the com post acts as  a  pH corrector. This 
remediates possible Al or Mn toxicity when the pH is below 5 (Thompson and 
Troeh, 1978). Scanlon et al. (1973) indicated that the addition of com post to 
a strip mine increased soil pH values from 2.8 to 5.8. The increase of soil pH 
has also been shown in less acid soils after com post application (Hortenstine 
and Rothwell, 1972; Duggan and Wiles, 1976), but no changes have been 
observed in neutral or calcareous soils after com post application (Gupta et al., 
1975; King et al., 1977).
1.2.3. Effect on soil electrical conductivity (EC)
Incorporation of com post into soil increased the soil EC because of the 
high soluble salts (2.25%) in the com posts (Hortenstine and Rothweli, 1973). 
Guidi et al. (1982) showed that when sewage sludge and com posts were 
applied on a  sandy loam soil, the EC increased in all plots. But, winter rainfall 
lowered the contents of soluble salts in all plots to a  level close to that of the 
control. Epstein et al. (1976) demonstrated that sodium adsorption ratios (SAR) 
were very low (0.05 to 0.7) as a  result of the high Ca and low Na, although the
EC increased as  the rates of sludge or com post increased. The added salts 
can detrimentally affect germination and growth of salinity sensitive crops. 
Low, medium, and high salt tolerance crops can tolerate EC values of 2 to 4, 
4 to 10, and 10 to 18 mmhos/cm, respectively (Bernstein, 1964). Chanyasak 
et al. (1982) assum ed that the relatively high EC after garbage com post 
treatment might be one of the main causes of the inhibitory effect on turnip 
growth.
1.2.4. Effect on soil cation exchange capacity (CEC)
Application of sludge or com posts to soils increases soil CEC. 
Hortenstine and Rothwell (1968) performed a  pot experiment using a  Leon fine 
sand soil with an exchange capacity of 3.67 cmol/kg and found that the 
addition of large quantities of com post (128 or 512 Mg/ha) increased the CEC 
to 4.81 or 7.14 cmol/kg, while lower rates (8 or 32 Mg/ha) had no significant 
effect. Epstein et al. (1976) reported results of a  field study on a  silt loam that 
soil CEC increased as much as  threefold from 5.5 to 15.4 cmol/kg as  a  result 
of the addition of sludge (240 Mg/ha/yr).
1.2.5. Effect on soil organic matter
The most significant change after application of sew age sludge or 
com posts is the increase of soil organic matter. Hoffmann (1983) conducted 
long-term field experiments on acid and alkaline soils. The results from acid 
soils showed that soil organic matter increased as  the rates of municipal 
com post increased. Tester (1990) and Giusquiani et al. (1995) also reported
that the total OC and humified C significantly increased in soils after adding 
urban waste com post in long-term field experiments. They also noted that the 
rise in soil OC is not proportional to the amount of com post added OC. This 
supports the observations by Bohn et al. (1985) and Hue et al. (1988) who 
reported that the decomposition rate of organic materials in soils was 
proportional to the amount added - the more added, the more rapidly it 
disappears.
On the other hand, the application of organic matter to soils by adding 
com posts can also present negative effects. Composts can increase polycyclic 
aromatic hydrocarbons, even though the plant concentrations of these 
detrimental com pounds remain unaffected (Ellwardt, 1977). Chanyasak et al. 
(1983a,b) found that the application of immature garbage-compost inhibited the 
growth of turnips primarily due to the presence of short-chain fatty acids, 
especially propionic acid and n-butyric acid. Gonzalez-Vila et al. (1982) 
reported that several Spanish refuse com posts contained free organic 
chemicals: alkanes, fatty acids and phthalate esters. However, they indicated 
that these chemicals can not be considered toxic if com post application is 
m ade at a  rate of <30 Mg/ha.
1.2.6. Effect on soil N, P, and S
The addition of com posts increased total N in soils. Epstein et al. 
(1976) conducted an experiment with five application rates of sewage sludge 
and sludge com post (0, 40, 80, 120, and 240 Mg/ha). They found that total N
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was significantly higher for the 120 and 240 Mg/ha sludge treatments than for 
the other rates.
The availability of N in com posts is closely related to the C/N ratio of the 
composts. The addition of com post with a  C/N ratio above 30 produces a  
biological blockage of available N due to the accelerated growth of microflora 
that use N for their own development (Fuller and Bosma, 1965; Duggan, 1973). 
Sims (1990) studied the N mineralization of three soils amended with four types 
of com posts with C/N >30 at the rate of 22 Mg/ha (total N added = 250 - 398 
kg N/ha) over a  period of 20 weeks. He reported that immobilization of N 
decreased available soil N from -7 to -39 mg/kg. However, com posts with a 
C/N ratio lower than 20 cause a  smaller increase in the microflora than those 
with a  C/N ratio above 30 (Abd-EI-Malek et al., 1968). This implies that soil N 
is not biologically immobilized.
The biological activity and the C/N ratio tend to reach an equilibrium with 
time. This allows the normal mineralization processes to regulate the 
availability of assimilable nitrogen in soils. Ahrens and Farkasdi (1969) 
indicated that mature com post with a  low C/N ratio brings about higher 
concentrations of N 03-N in soils, but lower amounts of total N, than poorly 
developed compost. But, Rothwell and Hortenstine (1969) observed that the 
nitrification in a  sandy soil decreased gradually as  the rates of com post 
increased.
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The residual effects of compost fertilization on soil N have been studied 
by Kropisz and Russel (1978). They performed a  3 year experiment with lettuce 
and spinach and showed that the soil N03-N increased for com post treated 
pots compared to both controls and pots exclusively treated with mineral 
fertilizers. The NH4-N contents in the soils were enhanced with respect to the 
controls, but appeared to be similar to those observed for the mineral fertilizer 
application.
Epstein et al. (1976) reported that Bray-extractable P increased with 
increasing rates of both sludge and compost. The P levels tended to remain 
high throughout the 2-year study. Similar results have been also obtained by 
Bengtson and Cornette (1973) and Mccoy et al. (1986). Chang et al. (1983) 
suggested that forms of P in the sludge did not change when the sludge was 
applied.
Very little information has been found with respect to the effect of 
com post addition on soil S. De Haan (1981) reported that com post application 
increased soil S.
1.2.7. Effect on soil K, Ca, and Mg
Hortenstine and Rothwell (1973) applied pelletized municipal refuse 
com post to a  sand soil. They reported that the soil K, Ca, and Mg increased 
as  the com post rates increased. According to Sims (1990), the application of 
com posted sew age sludge also increased Mehlich-1 extractable K, Ca, and Mg 
in soils.
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1.2.8. Effect on soil micronutrients and non-essential heavy metals
A number of studies have shown that com post application increased soil 
trace metals (Purves and McKenzie, 1973, 1974; Giordano et al., 1975; Hue et 
al., 1988). Giusquiani etal. (1995) conducted a  long-term field experiment with 
the application of urban waste compost. They reported that the concentrations 
of all heavy metals assayed increased linearly as the compost rates increased. 
The mean increase for each ton of compost added was 0.38 mg/kg for Pb, 0.21 
mg/kg for Zn, 0.16 mg/kg for Cu, and 0.04 mg/kg for Ni. The proper increase 
of som e essential plant trace metals can correct the element deficiency. But 
at high rates or added repeatedly, compost creates undesirable effects. These 
include increases in the amount of certain essential micronutrients to toxic 
levels or increases in the uptake of toxic heavy metals (Purves and McKenzie, 
1974).
Studies have shown that maximum contamination takes place in the top 
layers of soils. Williams et al. (1980) added sew age sludge annually to a  
Dublin loam soil in a  3-year experiment and found that increased metal 
availability and metal movement in the soil were predominantly limited to a  
depth of 30 cm. Andersson and Nilsson (1972) observed that, after 12 years 
of adding 84 Mg/ha of sludge to the soil, practically all the Mn, Zn, Cu, Ni, Co, 
Cr, Pb, Cd, Hg, As, and Se remained in the surface 20 cm of soil. Among the 
heavy metals, Cd has greater potential mobility than others, regardless of the 
forms of Cd (Bell et al., 1991). Page and Chang (1975) reviewed the literature
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of trace element movement and concluded that, except for B, the movement 
of trace metals in soils amended with sludge is restricted to the depth of tillage.
The potential hazards associated with the heavy metal contamination of 
soils tend to increase with time. Although metals are tightly bound in surface 
layers, Leeper (1972) and Chaney (1973) stated that, without further addition 
of organic materials, a  gradual decomposition and loss of organic matter will 
take place in soils. This loss will result in high concentrations of metals that 
may reach toxic levels. The increase of heavy metals with time may be also 
caused by a  decrease in soil pH. However, Leeper (1972) demonstrated that 
heavy metals may change from a  readily available form to unavailable or 
immobile forms over time. Korcak et al. (1979) reported that DTPA extractable 
Zn, Cd, and Cu decreased with time. Because time allows metal ions to diffuse 
to the strongest sorptive sites (Bohn et al., 1985).
In addition to soil chemical properties, the application of sludge and 
com posts affects soil physical and biological properties. Review of these 
effects have been given by Gallardp-Lara and Nogales (1987) and Guidi and 
Petruzzelli (1989).
1.3. Effects on Plants
1.3.1. Plant uptake of N, P, and S
As previously described, the addition of compost with a  C/N ratio above 
30 to soil resulted in the immobilization of soil N, which may cause a  N 
deficiency in plants. Sims (1990) studied wheat plants grown in the
greenhouse for 8 wk with four types of com posted sew age sludge (including 
municipal refuse). Application rates were 0, 11, 22, and 44 Mg/ha. He 
reported that wheat dry weights and plant N concentration were significantly 
decreased by the application of three types of the com posts at a  rate of 44 
Mg/ha. This effect has also been demonstrated in several other crops, such 
as  corn (Terman and Mays, 1973), tobacco (Duggan, 1973), radish, oats, 
sorghum, and turnip (Hortenstine and Rothwell, 1968 and 1973). These 
deficiencies may be corrected by the addition of mineral fertilizers (Dickens et 
al., 1971).
Massive additions of com posts to soils appear to significantly increase 
the amount of N absorbed by crops (Hortenstine and Rothwell, 1969 and 
1973). Kropisz and Russel (1978) indicated that the combined application of 
fertilizer NPK and municipal garbage compost slightly increased the N content 
of several types of crops compared to the application of mineral fertilizer alone. 
Terman and Mays (1973) concluded that municipal solid waste com post 
efficiency to supply N is 16% that of NH4N03.
Plant uptake of P studies showed that the addition of various kinds of 
com post to soils did not significantly change the concentration of plant P 
(Bengtson and Cornette, 1973, King et al., 1977). However, Sims (1990) 
reported that wheat plant P concentrations significantly increased from 0.10% 
to 0.17% when 44 Mg/ha composted sewage sludge was added.
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Few experiments have been conducted to study the effect of compost 
application on S uptake by plants. Gallardo-Lara et al. (1979) observed no 
significant differences in the S content for two crops of ryegrass as  com post 
rates increased. Later on, however, S content increased significantly as 
com post rates increased. In contrast to this, a  study to establish tall fescue on 
a  strip-mined spoil area showed that garbage com post decreased forage 
concentration of S (Mathias et al., 1979).
1.3.2. Plant uptake K, Ca, Mg, and Na
Generally, K in com post is an easily-assimilated form. Thus, the use of 
com post leads to a  significant plant K increase (Bengtson and Cornette, 1973; 
Duggan and Wiles, 1976; King et al., 1977). Hortenstine and Rothwell (1969) 
found that the addition of com post to soil at 512 Mg/ha resulted in the uptake 
of 50 times more K by millet compared to the control. Hortenstine and 
Rothwell (1973) deduced that sorghum crops recovered 74 to 98% of the K 
present in the compost. Terman and Mays (1973) estimated that the efficiency 
of com post K is 64% that of Kj,S0 4. But, Sims (1990) reported that application 
of com posted sew age sludge had no effect on the concentration of plant K.
Sims (1990) reported no significant change for plant Ca and Mg. 
Hortenstine and Rothwell (1972) also found no differences in the first crop of 
sorghum. In subsequent crops of oats, the plant content of these elements 
increased for plots treated with compost. Nevertheless, decreased Ca and Mg
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results have been observed and attributed to an antagonistic action promoted 
by an elevated K concentration (King et al., 1974).
Terman and Mays (1973) and King et al. (1974) observed that the 
addition of com post tends to decrease the concentration of Na, although not 
significantly. Similarly, Sanderson (1971) found that the Na content in 
chrysanthemum plants tends to decrease when com post is applied.
1.3.3. Plant uptake of m icronutrients and non-essential heavy m etals 
The addition of com post to soils enhances plant absorption of Zn. 
Studies have described the increase of Zn in different plant species (Purves, 
1973; Duggan and Wiles, 1976; Wong et al., 1983). However, Sims (1990) 
showed that the application of com post decreased the Zn concentration in 
wheat plants. According to Mays et al. (1973) and Terman et al. (1973), the 
absence of Zn toxicity is due to the immobilization of part of the soil Zn as a 
consequence of the rise of soil pH after compost application. Parsa and 
Lindsay (1972) indicated that these organic materials may be used as  sources 
of moderate doses of Zn, although it has been shown that the efficiency of the 
organic materials is lower than that obtained with an inorganic source such as 
ZnS04 (Mortvedt and Giordano, 1975).
The increases of Cu in plants due to municipal waste com post addition 
have been describe by Purves and McKenzie (1973). The increased Cu was 
also reported in a  field test following municipal refuse and liquid sw eage sludge 
application (King et al., 1977). Although, in this case, the increase of Cu
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concentration was detected in corn plants but not in other cereals. 
Additionarly, Sims and Kline (1991) showed that Cu concentrations in wheat 
and soybean tissues consistently increased following com posted sewage 
sludge application. But, in all these studies, no Cu phytotoxicity was observed 
as  a  consequence of compost application.
The addition of com post to soils did not significantly increase the Fe 
concentration in plant tissue (King et al., 1977). However, it was reported by 
Hofner et al. (1978) that the application of sludge led to a slight reduction in Fe.
Researches have indicated that the addition of com post decreased Mn 
in plants (Hoffner et al., 1978; Wong et al., 1983). These results agree with 
Sims (1990) who observed a  decrease of up to 70 mg/kg in wheat plant Mn 
after com post application. Sims and Kline (1991) also reported Mn 
concentrations in soybean tissue decreased from 171 to 119 mg/kg following 
com post application. These decreases were caused mainly by the increased 
soil pH associated with com post application. Numerous studies have shown 
that soil Mn is converted to less available forms at higher soil pH values 
(Shuman and Anderson, 1978; Tierney and Martens, 1982; Sims, 1986).
Many researchers have reported that compost may increase plant 
absorption of B to a  excessive level, creating symptoms of intense phytotoxicity 
(Purves, 1973; Gogue and Sanderson, 1975; Lumis and Jognson, 1982). 
Symptomatology has been recorded in different crops and its most important 
characteristics are chlorosis of the periphery of the leaf limb, falling of leaves
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and defective growth. But, Gupta et al. (1973) observed that when high rates 
of N were added to soil, B toxicity associated with com post application 
decreased, which could not be explained in lieu of the available information. 
Purves and Mckenzie (1974) indicated that an intense washing of com post 
before use eliminates most of the soluble B and reduces considerably the toxic 
effects of this element.
The application of large quantities of compost may contaminate soils 
with toxic elements. Nevertheless, only som e of these elements were absorbed 
by the plant in great quantities. According to Sims and Kline (1991), 
amendments of composted sewage sludge increased Ni, but not Cd, Cr, and 
Pb in vegetative tissues of wheat and soybean. Mortvedt and Giordano (1975) 
showed a  increase of Cr in maize. King et al. (1974 and 1977) reported an 
increase of absorbed Cd, but not Cu, Ni, or Pb in corn. The hazard of Cd has 
been emphasized by Keller and Brunner (1983). They reported that in only 14 
years, compost will enrich Swiss soils with Cd to affect the production of food 
for human consumption.
On the other hand, Liebhardt and Koske (1974) indicated that the use 
of compost decreased the concentration of Pb in ryegrass. Sims (1991) 
observed a  significant decrease in soybean grain Ni. He contributed this to the 
increased pH resulting from the application of compost. King and Hajjar (1990) 
also reported that concentrations of Cd, Ni, and Zn in tobacco and peanut tops 
decreased as soil pH increased. Chu and Wong (1984) showed that the aerial
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tissue of three different food crops contained similar, or significantly lower 
concentrations of Cd when grown on com post am ended soil rather than 
fertilizer treated soil.
According to Andersson (1977), som e heavy metals added to soils in the 
form of soluble salts are more available to the plant than when administered as 
municipal residues in which these metals are retained by organic material. For 
this reason, the possibilities of contamination from com post are small unless 
extreme circumstances such as  application of very high rates of com post or to 
soils that are very acidic. Gray and Biddlestone (1980), in their trace metal 
analyses of com posts and soils, showed that som e municipal com posts contain 
high levels of Pb, Zn, and Cu and they may greatly increase the total and 
extractable levels in soils. However, the availability of these metals to crops is 
low.
Chemical fractions of heavy metals in soils have been correlated with 
metal concentrations in plants to determine the bioavailability of heavy metals 
(Shuman, 1986; Sims, 1986). King and Hajjar (1990) used DTPA and Mehlich-3 
to extract heavy metals in soils and correlated metals in the soils with metal 
concentrations in tobacco leaves and peanut tops. They found that DTPA was 
better than Mechlich-3 for predicting concentrations of metals in plant tissue. 
Sims and Kline (1991) used a  sequential extraction method (H20 , KN03, NaOH, 
Na2-EDTA, and HN03) to determine the soil fractions and plant availability of 
heavy metals. They reported significant correlations for Ni, Cu, and Zn
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between soil metal fractions, pH and metal concentrations in wheat and 
soybean using multiple regression models.
1.4. Leachability of Elements in Compost Amended Soil
1.4.1. Heavy metals
Leachability studies of heavy metals have been conducted by testing 
soils or leachate from fields (Sawhney, 1994). Potential leachability of heavy 
metals from wastes has generally been evaluated by extraction with 0.1 M 
acetic acid, and EP (extraction procedure) toxicity test (Federal Register, 1990). 
Lisk et al. (1989) used distilled water for assessing heavy metal leachability 
from incinerator wastes. Lamy et al. (1993) reported that the groundwater of 
a  plot with highest discharge of sludge soluble organic matter exhibited about 
twice the Cd levels above those of the control plot during the first few weeks 
following sludge application. Fruchter et al. (1990) analyzed pore fluids and 
leachates from a  large fly ash field lysimeter where only 0.3 pore volumes of 
water leached during the 3-year study. The concentrations of heavy metals in 
the pore water ranged from 0.04 to 3.2, <0.004 to 0.14, <0.01 to 0.5 mg/L for 
year one to three, respectively. Leachability of heavy metals from wastes has 
also been assessed  by analyzing soils and subsoils under waste disposal sites 
(Kotuby-Amacher and Gambrell, 1988), soils receiving urban com post (Cabrera 
et al., 1989), and sewage sludge (Chang et al., 1984). Very low levels of a  few 
heavy metals were detected in the subsoil in these cases.
Only a  few experiments on the direct leaching of heavy metals from 
municipal wastes have been conducted. Emmerich et al. (1982) mixed sewage 
sludge into the top 15 cm of soil columns, which were then leached with water 
for 25 mo. They found that essentially all the metals remained in the waste-soil 
layer. Giusquiani et al. (1992) added urban waste com post at a  rate of 90 
Mg/ha rate on the surface of 50 cm soil columns. They irrigated these columns 
with 0.01 M CaCI2 at 14 d intervals. They reported that the com post application 
significantly enhanced the levels of Cu, Zn, Ni, and Cr in the leachate. The 
increases were greater from sandy loam than from clay loam soils and were 
attributed to soluble metal ions in the compost. Dyer and Razvi (1987) and 
Bugbee et al. (1991) observed that leachates from plant growth media mixed 
with sewage sludge contained extremely small concentrations of heavy metals. 
Sawhney et al. (1992) irrigated laboratory columns containing sew age sludge 
com post and plant growth media containing varying proportions of the 
com post with water. They observed initial leaching of heavy metals at relatively 
high levels followed by extremely low concentrations. Sawhney et al. (1994) 
also investigated the leachability of heavy metals in source-separated municipal 
solid waste com post by irrigation of plant growth media. They analyzed the 
leachates at 14 d intervals. Their data showed that leaching of the metals 
occurred at relatively high concentrations initially, but obtained low 
concentrations with continued leaching. In all cases, the concentrations of the 
metals (Zn, Cu, Cd, Cr, Ni, and Pb) in the leachates remained below drinking
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water standards. The initial leaching of heavy metals is attributed to their 
soluble form and the subsequent slow leaching is due to the release of heavy 
metals from exchange sites.
1.4.2. Nutrients
Studies have shown that leaching of nutrients and other anions from 
sewage sludge or com post amended soils may contaminate ground water. 
Nitrate is the most probable pollutant. Sidle and Kardos (1979) added 
anaerobically digested liquid sludge to a  mixed hardwood forest and indicated 
that N 03-N concentrations of the percolate sample at 15 cm contained a  
maximum of 290 and 194 mg/L for the application rates of 26.96 and 13.48 
Mg/ha, respectively. Dyer and Razvi (1987) conducted a  leaching experiment 
with plant growth columns containing varying proportions of compost. They 
found the N 03-N concentrations in the leachate for 25% of the com post 
treatments were significantly higher than drinking water standards (10 mg/L) for 
the first 75 cm of water applied. Bockheim et al. (1988) applied a  2.5:1 
primary/secondary paper industry sludge to a  row-thinned, 27-old red pine 
stand and reported that N 03-N concentrations exceeded 10 mg/L for all 
treatments at the 10-, 45- and 75-cm depths.
Only a  few studies have shown the leaching of other nutrients and ions. 
De Haan (1986) reported that the application of liquid sew age sludge at 22.5 
Mg/ha to a  sandy soil did not significantly increase the amount of P in the 
drainage water. However, the addition of air-dried sewage sludge in a  9:1
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soil/sludge volume ratio to a  sandy and clayey soil increased the mean P 
concentration of the drainage water from 0.42 to 0.74 mg P2OJL for the sandy 
soil and from 0.58 to 3.07 mg PzOJL for the clay soil
Regarding S leaching, the increase or decrease of S in the leachate from 
treated columns compared with control columns depended on the C/S ratio. 
The S 0 42- was released from the organic materials with C/S ratio < 200 and 
was immobilized from organic materials with C/S ratio >400 (Barrow, 1960). 
Tabatabai and Chae (1991) investigated the rates of S mineralization and 
immobilization in soils treated with various organic materials by leaching soil 
columns; They found that the rate of S 0 42- released was rapid initially, then 
followed by a slow linear release.
The factors affecting nutrient leaching include soil properties, type of the 
plant cover, and time of leachate collection. Sidle and Kardos (1979) 
suggested that forests are generally poorer N renovators than crops, thus N03- 
N is more available for leaching. Furrer and Stauffer (1986) indicated that 
nitrate leaching is highest without any crop and lowest with permanent grass. 
According to Bergstrom and Jogansson (1991), on a  yearly basis, 
concentrations of nitrate in leachate from a sandy soil rich in organic matter 
were lower than that from a sandy soil with little organic matter. But during the 
spring, nitrate concentrations in leachate from the soil rich in organic matter 
were as large or larger than those in the leachate from the other soil. This was 
contributed to the high decomposition rate of organic matter during the spring
(Bergstrom, 1987). Gaines and Gaines (1994) determined the soil texture effect 
on nitrate leaching in soil percolates. They reported the coarser and lower the 
CEC of the soil, the faster nitrate leached from the soil. Most of the nitrate 
(90%) was leached from the soil in the first 5 minutes or the first 100 ml of soil 
percolate after N 03-N had been applied.
CHAPTER 2
COMPOSTED MUNICIPAL WASTE AND FERTILIZER EFFECTS 
ON SOIL CHEMICAL PROPERTIES
2 .1. Introduction
Municipalities face a  growing problem of how to safely and 
economically dispose of municipal sewage sludge and solid waste. Based 
upon the impact on the environment, landfilling is an unsuitable disposable 
alternative. The application of com posted municipal wastes to agricultural 
lands has been shown to be a safe and economic m eans for disposal of 
municipal wastes and beneficial in providing several plant nutrients (Stadelmain, 
1984; Sims, 1990).
The average organic carbon (OC) content in municipal solid waste 
com posts is about 30% in the United States (Bengston and Cornette, 1973; 
Terman and Mays, 1973). Significant increases of organic matter (OM) 
following com post application into soils were reported by numerous authors 
(Hoffmann, 1983; Tester, 1990; Giusquiani et al., 1995). Compost application 
also increased soil cation exchange capacity (CEC) (Epstein et al., 1976). 
Compost N and P concentrations are considerably higher than those in most 
agricultural soils, but the availability of both are low (De Haan, 1981). However, 
the concentration and availability of K, Mg, and Ca in com posts are high, which 
significantly increased soil K, Mg, and Ca (Mays et al., 1973; Sims, 1990). 
Because of the neutral or slightly alkaline pH and high buffering capacity of
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composts, com post addition can increase the pH of acid soils (Scanlon et al., 
1973; Thompson and Troeh, 1978).
Although compost application increased total N in soils (Epstein et al., 
1976), application of com posts which have a  high C/N ratio caused N 
immobilization and decreased N availability immediately following com post 
addition (Terman et al., 1973). Decreased yields and plant N concentrations 
of wheat and oats attributed to N immobilization were observed by Dolar et al. 
(1972) and Sims (1990). Crop response to addition of N fertilizer in com post 
am ended soils has been attributed to a  lower C/N ratio that corrected the N 
deficiency resulting from N immobilization (Terman et al., 1973; Sims, 1990).
Another deterrent of com posts being land applied is the high content of 
heavy metals. The heavy metals may impair crop growth and contaminate food 
chains (Chaney, 1973; Barbera, 1987). Studies have shown that com post 
application increased soil heavy metals (Giordano et al., 1975; Hue et al., 1988; 
Giusquiani et al., 1995). Usually, soil contamination by heavy metals takes 
place in the top layers of soils (Wiliams et al., 1980). The potential heavy metal 
hazards may increase with time due to decomposition and losses of OM 
(Chaney, 1973). Alternatively, the heavy metals may be transformed from a  
readily available form to an unavailable or immobile form with time (Leeper, 
1972).
To understand the beneficial and detrimental effects of com posted 
municipal wastes on soils, field studies were conducted to determine the effects
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of com posted municipal wastes and fertilizer on soil nutrients, heavy metals, 
and other chemical properties of Baldwin and Memphis soils cropped with 
sugar cane.
2.2. Materials and Method
2.2.1. Soil, compost, field experiment, and sample collection
Two studies were initiated on Baldwin silty clay loam (fine, 
montmorillonitic, thermic, Vertic Ochraqualf), a  Mississippi River alluvial soil. 
Compost was donated by Bed minster Bioconversion Corporation in 
Gladewater, Texas, which uses a  "three day turning drum process" that 
combines 2 parts solid waste and 1 part sew age sludge. The studies were 
conducted in sugarcane fields at Jeanerette, LA. The first study consisted of 
applying three rates of compost: 0, 11.2, and 22.4 Mg/ha; three rates of 
fertilizer: 0, 0.5x, and 1x the recommended rates; and a  combination of fertilizer 
(0.5x) and com post (2.24 Mg/ha) (0.5x+). Experimental plots consisted of 
three 1.7 m by 14.6 m rows, separated by 2.4 m alleys at the ends of the plots. 
The Baldwin soil used for this study was designated as  Baldwin soil I. The 
experimental design for this study was a  randomized complete block with three 
replications. The treatments are presented in Table 2.1. The com post was 
applied into opened rows in October, 1990. The rows were closed until 
planting. In late October, the rows were opened and sugarcane, Kleentek 
CP65-357, was planted. In March of 1991, 1992, 1993, and 1994, the 
sugarcane rows were off-barred to allow the soil to warm up. In mid-April of
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Table 2.1. Compost and fertilizer rates applied to the Baldwin soil I.
Treatment Com postf
(Mg/ha)
Fertilizer^
1 0 0
2 0 0.5x
3 0 0.5x+
4 0 1x
5 11.2 0
6 11.2 0.5x
7 11.2 0.5x+
8 11.2 1x
9 22.4 0
10 22.4 0.5x
11 22.4 0.5x+
12 22.4 1x
t  Compost was applied in October, 1990.
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg Kj.0 per 
hectare in 1991, 134 kg N, 67 kg P20 5, 90 kg ICO, and 27 kg S per hectare 
in 1992, and 179 kg N, 101 kg P20 5, 134 kg Kj.0, and 27 kg S per hectare in 
1993 and 1994 at the 1.0x rate for sugarcane; the 0.5x rate received half this 
amount; and the 0 rate did not receive fertilizer. The 0.5x+ was a  
combination of fertilizer rate Q.5x and 2.24 Mg/ha com post applied in April of 
1991, 1992, 1993, and 1994.
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each year, the fertilizer and compost (2.24 Mg/ha) were applied to the left off- 
bar of each row; the rows were "hipped-up" to cover the com post and fertilizer 
in the off-bar.
The second study consisted of six com post rates (0, 44.8, 89.6, 134.4,
179.2, and 224.0 Mg/ha) and two fertilizer rates (0 and 1x the recommended 
rate). Plots consisted of five 1.7 m by 14.6 m rows with 2.4 m alleys at the 
ends of the plots and a  border row separating the plots. The Baldwin soil used 
for this study was designated as  Baldwin soil II. The experiment was designed 
as  a  randomized complete block with three replications for two main factors, 
com post and fertilizer rates, and a  split plot for sampling time. The treatments 
are presented in Table 2.2. The com post was applied in October, 1991 and 
spread across rows from furrow-to-furrow and disked into the rows twice. The 
rows were then opened and sugarcane variety Kleentek CP70-321 was planted 
in mid-October, 1991. Fertilizer was applied to the right off-bar of all rows 
receiving fertilizer in April of 1992,1993, and 1994. The rows were "hipped-up" 
to cover the fertilizer.
Another experiment was initiated near Youngsville, LA in September, 
1991 on a  Memphis silt loam (fine-silty, mixed, thermic, Typic Hapludalf), a 
loess derived soil. This experiment consisted of a  factorial combination of six 
com post rates (0, 33.6, 67.2, 100.8, 134.4, and 168 Mg/ha) and two fertilizer 
rates (0 and 1x the recommended rate) as  shown in Table 2.3. Plots consisted
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Table 2.2. Compost and fertilizer rates applied to the Baldwin soil II.
Treatment Com postf
(Mg/ha)
Fertilized
1 0 0
2 0 1x
3 44.8 0
4 44.8 1x
5 89.6 0
6 89.6 1x
7 134.4 0
8 134.4 1x
9 179.2 0
10 179.2 1x
11 224.0 0
12 224.0 1x
t  Compost was applied in October, 1991.
$ Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg fC.0 per 
hectare in 1992 and 179 kg N, 101 kg P20 5l 134 kg KjO, and 27 kg S per 
hectare in 1993 and 1994 at the 1.0x rate for sugarcane; the 0 rate did not 
receive fertilizer.
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Table 2.3. Compost and fertilizer rates applied to the Memphis soil.
Treatment Com postf
(Mg/ha)
Fertilizer^
1 0 0
2 0 1x
3 33.6 0
4 33.6 1x
5 67.2 0
6 67.2 1x
7 100.8 0
8 100.8 1x
9 134.4 0
10 134.4 1x
11 168.0 0
12 168.0 1x
t  Compost was applied in September, 1991.
$ Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg K p  per 
hectare and 179 kg N, 101 kg P20 5l 134 kg Kj.0, and 27 kg per hectare at the 
1 .Ox rate for sugarcane; the 0 rate does not receive fertilizer.
of five 1.7 m by 14.6 m rows with 2.4 m alleys at the ends of the plots and a 
border row separating the plots. The experimental design was a  randomized 
complete block with three replications for two main factors, com post and 
fertilizer rates, and a  split plot for sampling time. The com post was applied on 
top of the rows in September, 1991 and disked into the rows twice. The rows 
were opened in mid-September and planted with first progeny sugarcane, 
Kleentek CP70-321. Fertilizer was applied to the right off-bar of all rows 
receiving fertilizer in April of 1992,1993, and 1994. The rows were "hipped-up" 
to cover the fertilizer. For all experiments, nitrogen was applied as  ammonium 
nitrate, P as triple superphosphate, K as muriate of potash, and S as  gypsum.
For the Baldwin soil I study, baseline soil sam ples were taken in 
September, 1991 from the 0-15 cm, 15-30 cm, 30-45 cm, and 45-60 cm depths. 
After com post application, soil samples were collected from the 0-15 cm and 
15-30 cm depths in February and June, 1991 and March and November, 1992, 
1993, and 1994. The amount of soil sample for each plot was about 1 kg, 
which was a  composite of three soil sam ples from each row of a  plot. These 
three soil sam ples were taken from the top of the rows at different locations. 
For the Baldwin soil II and Memphis soil studies, the initial soil sam ples were 
collected in September, 1991 from the 0-15 cm, 15-30 cm, and 30-45 cm 
depths. After com post application, soil sam ples from the 0-15 cm depth were 
collected in November, 1991 and March, 1992 and sam ples from two depths 
(0-15 cm and 15-30 cm) were taken in November, 1992 and March and
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November, 1993 and 1994. About 1 kg soil was taken from ridges of each plot. 
Each sample was a  composite of three soil sam ples from the middle three rows 
of the five rows in a  plot.
2.2.2. Chemical analysis
The soil sam ples were air-dried and ground to pass a  2-mm sieve. The 
sam ples were analyzed for pHH20 (soihwater 1:2), exchangeable acidity (Soil 
Survey Staff, 1972), extractable P (Bray and Kurtz, 1945), exchangeable bases 
(Thomas, 1984), water extractable cations and anions (USDA, 1954), 
diethylenetriaminepentaacetic acid (DTPA) extractable micronutrients (Lindsay 
and Non/ell, 1978), and particle size distribution (hydrometer method, Gee and 
Bauder, 1986). Non-essential trace metals were extracted and analyzed with 
the micronutrients. Effective CEC (ECEC) was calculated as  the sum of the 
exchangeable bases (Thomas, 1982). The com post was analyzed for the sam e 
parameters as the soils, plus total elemental compositions (Issac and Johnson, 
1975) and water extractable anions (USDA, 1954). All elemental concentrations 
were analyzed using inductively coupled plasma spectrometry (ICP) except that 
OC and total N were analyzed using a C/N analyzer (CHN-O-RAPID, HERAEUS) 
and anions were analyzed using a  ion chromatograph (IC). The selected 
chemical and physical baseline data for the Baldwin soil I are presented in 
Table 2.4, the Baldwin soil II in Table 2.5, and the Memphis soil in Table 2.6. 
The selected chemical properties for the com post are presented in Table 2.7.
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Table 2.4. Selected chemical and physical properties of the Baldwin soil I prior
to com post application (0-15 cm).
Property Ex. t Water Extra, t
---------------------------------------------■ m g /k g ------------------
pH 5.3
EA § (cmol/kg) 0.85
EC (dS/m) 0.10
Organic C (%) 1.31
Total N (%) 0.13
ECEC (cmol/kg) 12.8
Clay (%) 32
Silt (%) 65
Sand (%) 3
K 105 5.76
Na 27.0 20.4
Mg 311 8.05
Ca 1780 19.7
P 189 0.31
S - 10.3
Fe 53.0 1.38
Cu 0.62 0.02
Mn 5.91 0.34
Zn 0.35 0.03
B - <0.07
Ni 1.36 <0.13
Cd 0.11 <0.03
Co 0.19 <0.08
Pb 1.88 <0.43
Cr <0.04 <0.04
As <0.32 <0.32
t  Ex. = NH4OAc exchangeable K, Na, Ca, and Mg, Bray-ll extractable P, and 
DTPA extractable metals. 
t  Water Extra. = Water extractable.
§ EA = Exchangeable acidity.
- = No available value.
< = Less than the detection limit.
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Table 2.5. Selected chemical and physical properties of the Baldwin soil II
prior to com post application (0-15 cm).
Property Ex. t Water Extra, t
---------------------- mg/kg -
pH 6.4
EC (dS/m) 0.11
Organic C (%) 1.36
Total N (%) 0.14
ECEC 18.0
Clay (%) 35
Silt (%) 61
Sand (%) 4
K 150 13.1
Na 29.0 23.6
Mg 553 7.60
Ca 2573 26.4
P 424 6.86
S - 13.1
Fe 66.4 1.98
Cu 2.22 0.10
Mn 16.4 0.32
Zn 1.14 0.04
B - 0.26
Ni 0.96 0.16
Cd 0.09 0.06
Co 0.08 0.04
Pb 1.12 <0.43
Cr <0.04 <0.04
As <0.32 <0.32
t  Ex. = NH4OAc exchangeable K, Na, Ca, and Mg, Bray-ll extractable P, and 
DTPA extractable metals. 
t  Water Extra. = Water extractable.
- = No available value.
< = Less than the detection limit.
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Table 2.6. Selected chemical and physical properties of the Memphis soil prior
to com post application (0-15 cm)
Property Ex.t Water Extra, t
------------------- mg/kg ----------------------------------------
pH 6.1
EC (dS/m) 0.15 '
Organic C (%) 0.88
Total N (%) 0.10
ECEC (cmol/kg) 5.91
Clay (%) 14
Silt (%) 82
Sand (%) 4
K 78.9 14.9
Na 10.0 21.8
Mg 51.0 4.69
Ca 1046 47.7
P 80.0 1.27
S - 19.8
Fe 50.0 1.11
Cu 1.19 0.06
Mn 50.3 2.12
Zn 2.40 0.06
B 0.18 0.13
Ni 0.69 <0.13
Cd 0.05 <0.03
Co 0.11 <0.08
Pb 1.47 <0.43
Cr <0.04 <0.04
As <0.32 <0.32
t  Ex. = NH4OAc exchangeable K, Na, Ca, and Mg, Bray-ll extractable P, and 
DTPA extractable metals.
$ Water Extra. = Water extractable.
- = No available value.
< = Less than the detection limit.
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Table 2.7. Selected chemical properties of the compost.
Total Ex.f Water Extra. $
— 11 ly/rsy —■
pH 7.3
EC (dS/m) 1.70
Organic C (%) 39.0
Total N (%) 1.10
ECEC (cmol/kg) 24.1
K 5303 1692 1648
Na 2285 905 896
Mg 2188 430 171
Ca 20742 2443 572
P 6532 1696 9.11
S 3792 - 1148
Fe 22681 87.3 3.22
Cu 232 12.5 1.58
Mn 295 4.35 0.73
Zn 430 36.6 1.04
B 27.5 - 6.50
Co 5.31 0.09 0.04
Ni 21.7 0.54 0.22
Al 7206 13.8 0.57
Pb . 110 4.43 <0.43
Cd 7.55 0.36 <0.03
As 23.6 <0.32 <0.32
Cr 32.8 <0.04 <0.04
NO3-N - - 234
so4-s - - 1082
cr - - 1475
t  Ex. = NH4OAc exchangeable K, Na, Mg, and Ca, Bray-ll extractable P, and 
DTPA extractable metals. 
t  Water Extra. =  Water extractable.
- = No available value.
<  = Less than the detection limit.
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2.2.3. Statistical analysis
Data were analyzed using SAS (SAS, 1985) for analysis of variance with 
two main factors, com post and fertilizer rates, and sampling time as  a  split plot 
for each depth. The model for this analysis of variance can be described by: 
Y = /l/ + B + C + F + C*F + B*C*F + T + C*T + F*T 
+ C*F*T + B*C*F*T 
where fj is grand mean, B is block, C is com post rate, F is fertilizer rate, and 
T is sampling time. The C, F, and C*F were tested using B*C*F as  an error 
term and T, C*T, F*T, and C*F*T were tested using R*C*F*T a s  an error term. 
If significant differences were found for the main effects, Duncan’s  multiple 
range tests were used for pairwise comparisons and regression analyses were 
performed for trend analyses. Regression analyses were also used to 
determine the correlations between som e parameters. If two-way interactions 
were found to be significant, least squares m eans tests were conducted for 
pairwise comparisons.
2.3. Results and Discussion
2.3.1. Baldwin Soil I
2.3.1.1. pH and ECEC
Compost addition tended to increase soil pH with increasing application 
rates, but these differences were not statistically different (P<0.05) for either 
depth (Table 2.8). This result suggests that higher rates of com post application
Table 2.8. Effect of compost rate on pH, ECEC, organic C, total N, and Bray-ll extractable P of the Baldwin soil I.
Compost
PH ECEC Organic C Total N Extractable P
Mg/ha cmol/kg --------------- % _ mg/kg
0-15cm
0 5.2af 16.5a 1.34b 0.15a 201b
11.2 5.3a 17.3a 1.42ab 0.16a 217ab
22.4 5.6a 17.5a 1.45a 0.16a 250a
P > F t 0.06 0.05
15-30 cm
0 5.4a 19.3a 1.21a 0.15a 139a
11.2 5.6a 19.9a 1.22a 0.15a 123a
22.4 5.7a 19.6a 1.29a 0.16a 146a
t  Numbers within a  column and a  depth with the sam e letter are not significantly different at the 0.05 probability level 
based on Duncan’s  multiple range test. Values represent m eans as a  function of compost rate across fertilizer rate 
and sampling time.
t  P>F is probability calculated by analysis of variance, presented for significant variables only.
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would significantly increase soil pH. Fertilizer addition did not significantly 
affect soil pH for either depth (Table 2.9).
Compost application did not affect the ECEC for either depth (Table 2.8). 
This is probably due to the low compost application rates since the com post 
displayed a  higher ECEC than the initial soil (Table 2.4 and 2.7). Fertilizer 
addition also did not change the ECEC (Table 2.9).
2.3.1.2. Organic C, N, P, and  S
The organic C content for the 22.4 Mg/ha com post treatment (8.74 Mg 
organic C/ha) was significantly higher than that for the control, but not for the
11.2 Mg/ha com post treatment (4.37 Mg organic C/ha) at the 0-15 cm depth 
(Table 2.8). The fertilizer addition did not influence organic C content (Table 
2.9).
The total N concentrations were not significantly affected by either 
com post or fertilizer application (Table 2.8 and 2.9). That the data did not 
reflect the com post addition is likely due to the low com pos rates because the 
com post had a  much higher total N than the initial soil (Table 2.4 and 2.7). The 
soil analysis did not detect the N fertilizer addition, which was probably 
because the soil was sampled in March and November of 1992, 1993, and 
1994. The fertilizer was applied in the April of each year. By November, the 
nitrogen fertilizer could have been absorbed by plants or leached out of the 
sampling layers. These results suggest that the N fertilizer added each year
Table 2.9. Effect of fertilizer rate on soil pH, ECEC, organic C, total N, and extractable P of the Baldwin soil I.
Fertilizerf PH ECEC Organic C Total N Extractable P
0 5.2a*
cmol/kg
17.5a
% -
0-15cm 
1.36a 0.16a
mg/kg
204a
0.5x 5.4a 16.8a 1.43a 0.16a 222a
0.5x4- 5.2a 17.1a 1.47a 0.17a 231a
1x 5.5a 17.0a 1.37a 0.15a 233a
0 5.5a 20.2a
15-30 cm 
1.19a 0.15a 136a
0.5x 5.5a 19.0a 1.33a 0.16a 140a
0.5x4- 5.6a 19.5a 1.24a 0.15a 131a
1x 5.8a 19.7a 1.20a 0.15a 137a
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg fC.0 per hectare in 1991,134 kg N, 67 kg P20 5, 90 
kg K,0, and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg KgO, and 27 kg S per hectare in 1993 
and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. The 
0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha compost applied in April of 1991,1992, 1993, and 
1994.
t  Numbers within a  column and a  depth with the sam e letter are not significantly different at the 0.05 probability level 
based on Duncan’s  multiple range test. Values represent the m eans as  a  function of fertilizer rate across compost 
rate and sampling time.
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had no residual effect for next year. Data for the effect of the com post rate x 
fertilizer rate interaction on total N, Bray-ll extractable P, exchangeable K, and 
water extractable S are presented in Table 2.10. The interaction between 
com post rate and fertilizer rate did not significantly affect any of the nutrients 
for either depth.
Bray-ll extractable P significantly increased for the 0-15 cm depth, but 
not for the 15-30 cm depth (Table 2.8). This indicates that the increased P 
mainly remained in the 0-15 cm depth and had little movement in the soil 
profile. The increased Bray-ll extractable P was due to the 11.2 Mg/ha 
com post (19.0 kg Bray-ll extractable P/ha) and the 22.4 Mg/ha com post (38 kg 
Bray-ll extractable P/ha) application. Also, native P availability may increase 
resulting from the increases of pH following the com post application. 
Phosphate solubility increases as pH increases for soils with pH below 6.5 
(Troeh and Thompson, 1993). However, com post application had no effect on 
water extractable P and, in most cases, the water extractable P concentrations 
were below the ICP detection limit (<2.43 mg/kg). This was probably because 
the P in the com post was complexed with organic matter, Fe, Al, and Ca 
com pounds. The low water extractable P concentrations suggest that com post 
application should not significantly increase surface water P.
Fertilizer addition had no significant effect on Bray-ll and water 
extractable P (Table 2.9). Similar to the total N, this may be due to the soil 
sam ples being collected prior to the fertilizer addition in April and shortly before
Table 2.10. Effect of the com post rate x fertilizer rate interaction on selected soil nutrients of the Baldwin soil I.
Fertilizerf Total N Bray-ll extractable P Exchangeable K Water extractable S
0* 11.2 22.4 0 11.2 22.4 0 11.2 22.4 0 11.2 22.4
0 0.15
------- o/o _
0.17 0.16 173 213
0.5x 0.16 0.16 0.16 211 229
0.5x+ 0.16 0.16 0.18 207 216
1x 0.13 0.15 0.15 213 207
0 0.15 0.14 0.15 131 128
0.5x 0.16 0.15 0.19 164 131
0.5X+ 0.15 0.15 0.15 122 118
1x 0.15 0.15 0.15 139 116
0-15cm 
227 107 121
“ my/Fvy '
125 7.41 8.59 9.88
225 111 116 112 12.0 12.6 10.4
270 113 117 114 12.8 16.0 15.9
278 127 116 121 14.1 17.2 15.4
15-30 cm 
150 108 126 118 4.06 4.45 4.26
125 106 110 101 4.06 4.38 4.02
151 103 105 107 4.09 4.34 4.22
157 125 109 104 4.69 3.85 4.32
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg ICp per hectare in 1991,134 kg N, 67 kg P20 5, 90 
kg ICjO, and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg KgO, and 27 kg S per hectare in 1993 
and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. The 
0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha com post applied in April of 1991, 1992, 1993, and 
1994.
t  Compost rate (Mg/ha).
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harvest in December of 1992, 1993, and 1994. The concentrations of 
extractable P ranged from 198 to 255 mg/kg for the 0-15 cm depth throughout 
the 4-year study. According to Peevy (1972), 160 mg/kg Bray-ll extractable P 
reflects a  high level of P for Mississippi river derived alluvial clay loams. Thus, 
the increase of P associated with the com post application appears to be in 
excess of the requirement for good crop growth.
Water extractable S did not vary significantly as a  function of com post 
rate (Table 2.11). However, the fertilizer addition significantly increased water 
extractable S (Table 2.12). The critical level of S for plant growth is about 10 
mg/kg, which was reported using a  phosphate-containing extractant (Palaskar 
and Ghosh, 1985; Islam and Bhuiyan, 1988). A critical level as  low as  3.5 
mg/kg S in subsoil for plant growth was reported using phosphate extracting 
solutions (White et al., 1981). The water extractable S was 8.63 for the non­
fertilizer treatment at the 0-15 cm depth. Therefore, S may be deficient for 
good plant growth without the added S in the soil.
2.3.1.3. Soil K, Na, Ca, and Mg
Water extractable and NH4OAc exchangeable K, Na, Ca, and Mg tended 
to increase with increasing com post rates, but the changes were not statistically 
different except water extractable Ca (Table 2.11). This may indicate that 
higher com post rates could significantly increase water extractable and 
exchangeable K, Na, and Mg and exchangeable Ca. The initial soil analyses
Table 2.11. Effect of compost rate on water extractable S and water extractable and NH4OAc exchangeable K, Na,
Ca, and Mg.
Compost S K Na Ca Mg K Na Ca Mg
Mg/ha -------- mg/kg ------------ ------------------------------------ ------------
0-15 cm
0 11.6a+ 6.12a 16.5a 14.0b 4.21a 115a 27.4a 2336a 533a
11.2 13.7a 6.16a 17.7a 16.8ab 4.86a 117a 29.8a 2475a 538a
22.4 12.9a 6.28a 18.3a 18.2a 5.09a 118a 30.7a 2518a 534a
P > F t 0.09
15-30 cm
0 7.50a 4.23a 18.6a 7.84a 2.52a 111a 50.4a 2657a 666a
11.2 10.50a 4.25a 20.3a 10.40a 3.33a 112a 51.1a 2752a 671a
22.4 7.97a 4.21a 22.6a 8.78a 2.71a 107a 49.8a 2731a 660a
t  Numbers within a  column and a  depth with the sam e letter are not significantly different at the 0.05 probability level 
based on Duncan’s  multiple range test. Values represent the m eans a s  a  function of compost rate across fertilizer 
rate and sampling time.
t  P>F is probability calculated by analysis of variance, presented for significant variables only.
Table 2.12. Effect of fertilizer rate on water extractable S and water extractable and NH4OAc exchangeable K, Na,
Ca, and Mg.
Fertilizer* S K Na Ca Mg K Na Ca Mg
«ng/i\y
0-15 cm
0 8.63c* 5.54b 18.1a 12.2b 3.80b 118a 35.2a 2465a 565a
0.5x 11.70b 6.18ab 17.0a 15.7ab 4.45ab 113a 27.0a 2423a 518a
0.5x+ 14.90a 6.13ab 18.4a 17.7a 5.06a 115a 28.4a 2463a 528a
1X 15.60a 6.90a 16.6a 19.6a 5.57a 121a 26.5a 2422a 530a
P>F§ 0.001 0.02 0.04 0.03
15-30 cm
0 8.50a 4.26a 19.5a 8.78a 2.89a 117a 61.1a 2773a 697a
0.5x 9.49a 4.15a 20.4a 9.54a 2.90a 106a 46.9a 2647a 636a
0.5X+ 7.94a 4.22a 19.6a 8.58a 2.83a 105a 48.5a 2703a 661a
1X 8.64a 4.29a 21.3a 9.06a 2.80a 113a 45.4a 2730a 670a
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg K p  per hectare in 1991,134 kg N, 67 kg P2Os, 90 kg K p, and 27 kg S
per hectare in 1992, and 179 kg N, 101 kg P2Os, 134 kg K p, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0.5x rate
received half this amount; and the 0 rate did not receive fertilizer. The 0.5x+ was a combination of fertilizer rate 0.5x and 2.24 Mg/ha 
compost applied in April of 1991,1992,1993, and 1994. 
t  Numbers within a column and a depth with the same letter are not significantly different at the 0.05 probability level based on Duncan’s 
multiple range test. Values represent the means as a function of fertilizer rate across compost rate and sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
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(Table 2.4) showed that the exchangeable K (105 mg/kg) and Ca (1780 mg/kg) 
were low (Peevy, 1972). The exchangeable portion of K is 1692 mg/kg and Ca 
is 2443 mg/kg in the compost. Therefore, higher rates of com post application 
will be beneficial in raising the levels of these elements.
The fertilizer 1x rate significantly increased water extractable K from 5.54 
mg/kg for the control to 6.90 mg/kg, Ca from 12.2 mg/kg to 19.6 mg/kg, and 
Mg from 3.80 to 5.57 mg/kg for the 0-15 cm layer (Table 2.12). However, 
exchangeable K, Ca, and Mg were not significantly affected following the 
fertilizer application (Table 2.12).
2.3.1.4. Micronutrients and non-essential heavy metals
Compost application had no effect on DTPA extractable Fe, Cd, Pb, Co, 
and water extractable B (Table 2.13), but significantly increased DTPA 
extractable Zn for both depths and Cu for the 0-15 cm depth (Table 2.13). 
Also, a  significant interaction between com post rate and sampling time for the 
0-15 cm layer showed that DTPA extractable Zn generally decreased with time 
for both the 11.2 and 22.4 Mg/ha com post treatments except during the first 
year when the DTPA extractable Zn increased only for the 22.4 Mg/ha compost 
treatment (Fig. 2.1). This increase of Zn during the first year may be attributed 
to the added Zn (0.82 kg extractable Zn/ha) from the 22.4 Mg/ha compost. The 
general decrease of Zn with time is probably because time allows metal ions 
to diffuse to the strongest sorptive sites (Bohn et al., 1985). These metal ions
Table 2.13. Effect of compost rate on micronutrients and non-essential heavy metals (all elements are DTPA
extractable except B, which is water extractable) of the Baldwin soil I.
Compost Fe Mn Zn Cu Ni Cd Pb Co B
mn/ lert —iviy/i let
0-15 cm
0 123at 15.0a 0.72c 1.84c 1.33a 0.10a 2.22a 0.22a 0.16a
11.2 118a 13.6b 1.28b 2.01b 1.22b 0.10a 2.03a 0.23a 0.18a
22.4 120a 13.6b 1.82a 2.26a 1.23b 0.10a 2.07a 0.23a 0.17a
P>F* 0.07 0.0001 0.0001 0.06
15-30 cm
0 96.3a 13.7a 0.54b 1.75a 1.10a 0.08a 1.78a 0.20a 0.20a
11.2 86.3a 12.7a 0.62ab 1.74a 1.11a 0.08a 1.86a 0.25a 0.20a
22.4 94.1a 14.2a 0.73a 1.80a 1.16a 0.08a 1.75a 0.23a 0.20a
P>F 0.07
t  Numbers within a  column and depth with the sam e letter are not significantly different at the 0.05 probability level 
based on Duncan’s  multiple range test. Values represent the averages as a  function of com post rate across fertilizer 
rate and sampling time.
t  P>F is probability calculated by analysis of variance, presented for significant variables only.
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Figure 2.1. Extractable Zn as  functions of time and compost rate for the 0-15 cm 
depth. The F, J, M, and N are February, June, March, and November, respectively.
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in the sorptive sites could not be extracted by DTPA. A similar phenom ena was 
found for DTPA extractable Cu a s  the DTPA extractable Zn (Fig. 2.2). This is 
supported by Korcak et al. (1979), who showed that Cd and Cu slowly declined 
in availability with time. The phytotoxic levels of these heavy metals are 300 
mg Zn/kg and 100 mg Cu/kg (Kabata-Pendias and Pendias, 1992). The 
increased levels of Zn and Cu were less than 3 mg/kg. Thus, com post 
application rates up to 22.4 Mg/ha should not affect plant growth because of 
heavy metal accumulation.
Compost addition significantly decreased the concentrations of DTPA 
extractable Mn and Ni (Table 2.13). The decreased Mn is assum ed to be 
caused by the higher soil pH induced by the compost application. Many 
studies have reported that soil Mn is converted to less soluble forms at higher 
pH values (Shuman and Anderson, 1978; Tierney and Martens, 1982; Sims, 
1990). The decrease of Ni is probably due to the increased pH as well.
The DTPA extractable As and Cr for most soil samples were below the 
ICP detection limits (As<0.338 mg/kg and Cr<0.04 mg/kg); this is not 
surprising due to the very low contents of these metals in the com post and the 
soil. In general, the differences between com post rates for water extractable 
heavy metals were small and, in most cases, the concentration levels were 
extremely low (<1 mg/kg).
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Figure 2.2. Extractable Cu as functions of time and compost rate for the 0-15 cm 
depth. The F, J, M, and N are February, June, March, and November, respectively. 
The vertical bars are standard error of the mean.
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2.3.2. Baldwin Soil II
2.3.2.1. pH and ECEC
The soil pH for the no fertilizer treatment increased about 0.5 unit from 
the control to the 44.8 Mg/ha com post treatment, but there were small 
differences among the com post treatments (Fig. 2.3). For the fertilizer 
treatment, soil pH increased as  the com post rates increased and the compost 
corrected the decreased pH due to fertilizer addition at 179.2 Mg/ha rate. The 
decreased pH for the fertilizer treatment may be due to the ammonium form of 
N fertilizer being oxidized in aerated soils to nitrate and releasing four hydrogen 
ions. The increased pH following the com post application may be due to the 
buffering capacity and slightly alkaline pH (7.3) of the compost. These results 
suggest that com post application can increase soil pH for acid soils.
Soil ECEC increased as the com post rates increased for the 0-15 cm 
layer (Fig. 2.3). The increased ECEC is due to the high ECEC (24.1 cmol/kg) 
of the compost. The difference between with (19.1 cmol/kg) and without (19.9 
cmol/kg) fertilizer for the soil ECEC of the 0-15 cm depth was small, but 
significant (Table 2.14).
2.3.2.2. Organic C, N, P and S
The average organic C, total N, and C/N ratio as  a  function of compost 
rate across fertilizer rate and sampling time are plotted in Fig. 2.4. The organic 
C increased from 1.2% for the control to 2.7% for the 224 Mg/ha compost 
treatment at the 0-15 cm layer. The total N significantly increased from 0.14%
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Figure 2.3. Effect of compost rate on soil (a) and (b) pH, and 
(c) ECEC. The F is fertilizer. The ** is significant at P<0.01. 
The vertical bars represent standard error of the mean.
Table 2.14. Effect of fertilizer rate on soil pH, ECEC, organic C, total N, and Bray-ll extractable P of the Baldwin
soil II.
Fertilizerf pH ECEC Organic C Total N Extractable P
cmol/kg -  % -------------- mg/kg
0-15cm
0 6.8a i 19.9a 2.09a 0.19a 535b
1x 6.3b 19.1b 2.11a 0.20a 600a
P>F§ 0.001 0.0001 0.0001
15-30 cm
0 6.8a 20.0a 1.34a 0.17a 327a
1x 6.5a 19.4a 1.38a 0.17a 367a
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg Kj,0 per hectare in 1992 and 179 kg N, 101 
kg P20 5, 134 kg K A  and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive 
fertilizer.
$ Numbers within a  column and a  depth with the sam e letter are not significantly different at the 0.05 probability 
level based on Duncan’s  multiple range test. Values represent the averages as  a  function of fertilizer rate across 
compost rate and sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
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for the control to 0.24% for the 224 Mg/ha com post treatment. But fertilizer 
addition did not significantly change total N for either depth (Table 2.14). Like 
the total N in the Baldwin soil I, the data did not reflect the added N fertilizer 
because the sampling time was in March, prior to fertilizer application, and 
November, after plant uptake, of each year. The effect of the com post rate x 
fertilizer rate interaction on total N is presented in Table 2.15. No significant 
interaction between com post rate and fertilizer rate was found for total N. 
Compost application may increase N fertilizer efficiency by reducing N 
denitrification. Further study is necessary to determine N 03-N and NH4-N 
following com post application.
Compost application increased the C/N ratio (Fig. 2.4). This resulted 
from the high C/N ratio (35.5) of the compost. A average C/N ratio of 12.2 was 
obtained from the 224 Mg/ha com post treatment for the 0-15 cm depth. This 
suggests that the application of com post up to 224 Mg/ha would not cause N 
microbial immobilization. At the end of the three years, the C/N ratio was 12.1 
from the 224 Mg/ha com post treatment for 0-15 cm depth. This result indicates 
that a  rather high rate of mineralization was continuing and that considerable 
amounts of organic N were released after 3 years.
The average Bray-ll extractable P as a  function of com post rate across 
fertilizer rate and sampling time for the 0-15 cm layer significantly increased 
(Fig. 2.5). The compost, however, did not affect water extractable P. This was 
probably because the P in the com post was complexed with organic matter,
Table 2.15. Effect of the interaction between compost rate and fertilizer rate on soil N, P, K, and S of the Baldwin
soil II.
Compost rate Total N Bray-ll extractable P Exchangeable K Water extractable S
M n/h& % m n /I r n  .m y /rm 11 ly /f ty  ........
Ot 1X 0 1x 0 1x 0 1x
0-15 cm depth
0 0.14 0.15 409 507 144 157 8.81 18.9
44.8 0.15 0.17 406 520 161 184 13.9 27.0
89.6 0.18 0.20 492 585 186 204 18.9 35.8
134.4 0.22 0.20 603 581 214 211 27.4 40.1
179.2 0.23 0.22 636 637 232 228 33.3 43.9
224.0 0.23 0.24 661 765 235 270 34.1 53.2
15-30 cm depth
0 0.16 0.16 279 386 39.1 20.3 7.67 11.3
44.8 0.16 0.17 285 371 47.3 34.1 11.1 11.7
89.6 0.17 0.19 302 393 44.8 40.0 10.2 15.1
134.4 0.17 0.15 354 330 51.8 47.2 11.7 13.3
179.2 0.17 0.16 371 285 56.3 55.0 13.1 12.2
224.0 0.16 0.20 376 437 50.6 55.7 14.1 19.1
t  Fertilizer rates were based on 179 kg N, 101 kg P2Os, and 134 kg KjO per hectare in 1992 and 179 kg N, 101 kg P20 5, 134 kg KjO, 
and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
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Figure 2.5. Effect of compost rate on extractable P. The ** is 
significant at P<0.01. The vertical bars are standard error of the 
mean.
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Fe, Al, and Ca compounds. This result suggests that com post application up 
to 224 Mg/ha would not cause surface water contamination due to P runoff. 
The use of fertilizer significantly increased both Bray-ll and water extractable P 
for the 0-15 cm layer (Table 2.16). The water extractable part of the residual 
P may increase surface water P level through runoff.
The concentrations of Bray-ll extractable P as a  function of time across 
com post and fertilizer rates did not vary significantly. The Bray-ll extractable 
P level ranged from 567 to 632 mg/kg during the 3-year study. According to 
Peevy (1972), 160 mg/kg Bray-ll extractable P is high for Mississippi river 
derived alluvial clay loams. Thus, the increase of P associated with the 
com post application appears to be in excess of the requirement for good crop 
growth in the soil.
Compost application greatly increased water extractable S in October, 
1991 (Fig. 2.6). Also, a  great decrease of the water extractable S was noted 
from October, 1991 to March, 1992. For example, the water extractable S for 
the 224 Mg/ha com post (257 kg/ha water extractable S) treatment decreased 
from 123 mg/kg in October, 1991 to 38.4 mg/kg in March, 1992. Since there 
was little plant growth to absorb S during the period, the decrease of water 
extractable S was probably due to leaching and runoff. This result suggests 
the high rate com post application may increase surface and ground water S 
levels. Additionally, a  significant interaction between fertilizer rate and sampling 
time showed that the water extractable S was significantly higher in the
Table 2.16. Effect of fertilizer rate on water extractable P and S and water extractable and NH4OAc exchangeable
K, Na, Ca, and Mg of the Baldwin soil II.
Fertilizert P S K Na Ca Mg K Na Ca Mg
-----------------------------Water extractable------------------------------------  exchangeable-----------------
----------------------------------------------------------------------mg/kg----------------------------------------------------------------
0-15 cm
0 7.25b* 22.7b 22.9b 42.4a 57.9b 14.8b 196a 47.6a 2977a 513a
1x 9.30a 36.5a 26.6a 41.7a 68.0a 17.0a 209a 45.2a 2867a 486a
P>F§ 0.08 0.005 0.002 0.007 0.07
15-30 cm
0 4.48a 11.3b 10.7a 35.8a 27.4a 7.27a 135a 48.3a 2958a 555a
1x 5.17a 13.8a 10.4a 31.7a 28.0a 7.41a 135a 42.0b 2880a 538a
P>F 0.004
t  Fertilizer rates were based on 179 kg N, 101 kg P2Os, and 134 kg KgO per hectare in 1992 and 179 kg N, 101 kg P2Os, 134 kg KgO, 
and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
* Numbers within a column and a depth with the same letter are not significantly different at the 0.05 probability level based on Duncan’s 
multiple range test. Values represent the averages as a function of fertilizer rate across compost rate and sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
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Figure 2.6. Water extractable S as a  function of compost by time for the surface soil. The O, M, and 
N are October, March, and November, respectively. The NS is not significant at P<0.05. Standard 
error of the mean ranged from 0.71 to 13.0 mg/kg.
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treatment with fertilizer than those without in the last 1.5 yr for both depths, 
reflecting the applied S in the fertilized versus non-fertilized plots (Table 2.17). 
The critical level of about 10 mg/kg S for plant growth has been reported using 
a  phosphate-containing extractant (Palaskar and Ghosh, 1985; Islam and 
Bhuiyan, 1988). A critical level as  low as 3.5 mg/kg S for plant growth in the 
subsoil has also been reported using phosphate extracting solutions (White et 
al., 1981). Therefore, the S level should be sufficient for plant growth with or 
without the addition of S.
Table 2.17. Effect of the fertilizer rate x sampling time interaction on water 
extractable S (mg/kg).
Fertilizert 0  91± M 92 N 92 M 93 N 93 M 94 0  94
0 64.4 24.3 13.1
0-15cm 
12.2 17.8 14.7 12.9
1x 73.7 26.3 21.8 13.9 42.2 31.9 45.7
Lsmeans NS§ NS NS NS * * *
0
1x
Lsmeans
10.1
11.3
NS
15-30 cm 
11.2 
10.7 
NS
13.4
17.0
*
13.8
17.0
*
8.23
13.4
*
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg KaO per 
hectare in 1992 and 179 kg N, 101 kg P20 5, 134 kg K^O, and 27 kg S per 
hectare in 1993 and 1994 at the 1x rate; the 0 rate did not receive fertilizer, 
t  O M N = October, March, and November, respectively.
§ * NS = Significant and not significant at P<0.05, respectively, for numbers 
within sam e column and depth.
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2.3.2.S. Soil K, Na, Ca, and Mg
The exchangeable K significantly increased as  the com post rates 
increased from October, 1991 to March, 1993, but not from November, 1993 
to October, 1994 (Fig. 2.7). The initial soil analyses (Table 2.5) indicated that 
the exchangeable K (150 mg/kg) was low (Peevy, 1972). The exchangeable 
portion of K is 1692 mg/kg in the compost. The 134.4 Mg/ha com post 
application altered the soil exchangeable K level from low to medium (213 
mg/kg, an average as  function of com post rate across fertilizer rate and 
sampling time) (Peevy, 1972). Similar trend was found for water extractable K 
a s  exchangeable K (Fig. 2.8).
Compost application significantly increased water extractable Na for the 
0-15 cm depth (Fig. 2.9). Most of the increased water extractable Na lost 
during the first four months following the com post application, which is likely 
due to leaching and runoff. For example, the water extractable Na for the 224 
Mg/ha com post (201 kg water extractable Na/ha) treatment decreased from 168 
mg/kg in October, 1991 to 79.2 mg/kg in March, 1992. This may contaminate 
surface and ground water. Since Na is a  potential health hazard for people 
with high blood pressure or hypertension, further study is necessary to 
investigate the effect of Na leaching on water quality.
The exchangeable Ca increased from 2550 mg/kg for the control to 3050 
mg/kg for the 224 Mg/ha com post treatment (Fig. 2.10). Compost application 
also increased water extractable Ca from 23.3 mg/kg for the control to 93.6
K 
(m
g/k
g)
400 
350 
300 
250 
200 
150 
100
Figure 2.7. Exchangeable K as  a  function of compost by time for the surface 
layer. The O, M, and N are October, March, and November, respectively. 
The NS is not significant at P<0.05. Standard error of the mean ranged 
from 6.94 to 22.5 mg/kg.
Compost rate (Mg/ha)
224.0
O 91 M 92 N 92 M 93 N 93 M 94 O 94 
Sampling time
80 
70 
60 
50 
40 
30 
20 
10 
0
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depth. The O, M, and N are October, March, and November, respectively.
The NS is not significant at P<0.05. Standard error of the mean ranged from 
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mg/kg for the 224 Mg/ha com post treatment (Fig. 2.10). Compost application 
had no effect on exchangeable Mg, but significantly increased the water 
extractable Mg from 6.35 mg/kg for the control to 22.8 mg/kg for the 224 Mg/ha 
com post treatment (Fig. 2.10).
2.S.2.4. Micronutrients and non-essential heavy metals
The DTPA extractable Fe for the 0-15 cm depth significantly varied 
among the com post rates, but there was no trend to describe the changes 
(Table 2.18). This may be due to the variations of the soil samples. The DTPA 
extractable Zn increased from 1.54 mg/kg for the control to 10.5 mg/kg for the 
224 Mg/ha com post (8.20 kg DTPA extractable Zn/ha) treatment and Cu from 
2.25 mg/kg for the control to 5.24 mg/kg for the 224 Mg/ha com post (2.80 kg 
DTPA extractable Cu/ha) treatment for the 0-15 cm depth. Also, significant 
increases of DTPA extractable Cu and Zn were found for the 15-30 cm depth 
(Table 2.18). Although DTPA extractable Cd concentrations were significantly 
increased, they were very low (Table 2.18). The DTPA extractable Pb for the 
224 Mg/ha com post treatment was significantly higher than those for the other 
treatments, but the increased quantity was small (Table 2.18). The phytotoxic 
levels of these heavy metals in agricultural soils are 300 mg/kg for Zn, 100 
mg/kg for Cu, 3-5 mg/kg for Cd, and 100 mg/kg for Pb (Kabata-Pendias and 
Pendias, 1992). Thus, current levels of the metals are far below the toxic levels.
Table 2.18. Effect of compost rate on DTPA ©(tractable metals and water extractable B of the Baldwin soil II.
Compost Fe Mn Zn Cu Ni Cd Pb Co B
Mn/hQiviy/im "" nig/tvy ————
0-15 cm
0 134.0at 18.8a 1.54f 2.25e 1.50a 0.10c 1.65b 0.10a 0.19e
44.8 107.0ab 14.2b 3.73e 2.93d 1.03b 0.11c 1.64b 0.07b 0.28d
89.6 107.0ab 13.2bc 5.17d 3.33d 1.00b 0.11C 1.90b 0.07b 0.38c
134.4 103.0b 12.1cd 7.18c 4.10c 0.94b 0.13ab 1.93b 0.06b 0.48b
179.2 89.0b 1 l.ld 8.66b 4.61b 0.92b 0.13ab 1.94b 0.06b 0.63a
224.0 106.0ab 10.5d 10.50a 5.24a 0.96b 0.15a 2.38a 0.06b 0.62a
P>F* 0.08 0.0001 0.0001 0.0001 0.02 0.001 0.01 0.002 0.001
15-30 cm
0 117.0a 16.2a 1.22d 2.10c 1.09a 0.09a 1.80a 0.11a 0.17d
44.8 97.5a 13.7bc 1.82c 2.21 be 1.07a 0.08a 1.64a 0.09ab 0.24c
89.6 107.0a 15.0ab 2.21 be 2.32bc 1.00a 0.09a 1.76a 0.1 Oab 0.26bc
134.4 103.0a 13.1bc 2.51b 2.46b 0.92a 0.09a 2.30a 0.09ab 0.29ab
179.2 85.8a 12.0c 2.25bc 2.29bc 1.11a 0.08a 1.44a 0.08b 0.3Cab
224.0 108.0a 12.9bc 3.45a 2.77a 0.97a 0.10a 1.82a 0.09ab 0.33a
P>F 0.01 0.0001 0.003 0.001
t  Numbers within a column and a depth with the same letter are not significantly different at the 0.05 probability level based on 
Duncan’s multiple range test. Values represent the averages as a function of compost rate across fertilizer rate and sampling time.
$ P>F is probability calculated by analysis of variance, presented for significant variables only.
The DTPA extractable Mn significantly decreased as  the com post rates 
increased (Table 2.18). The decreased Mn may be caused by the increased 
soil pH following compost application. Many studies have reported that soil Mn 
is converted to less soluble forms at higher pH values (Shuman and Anderson, 
1978; Tierney and Martens, 1982; Sims, 1990). Also, the DTPA extractable Mn 
in the com post (4.35 mg/kg) was lower than that in the initial soil (16.4 mg/kg). 
Thus, com post application can reduce Mn toxicity when soil Mn is high. The 
com post application also significantly decreased the concentrations of DTPA 
extractable Ni and Co for the 0-15 cm depth (Table 2.18). The decreases of 
soil Ni and Co are likely due to the increased pH as well (Kabata-Pendias and 
Pendias, 1992).
The DTPA extractable As and Cr for most soil sam ples were below the 
ICP detection limits (As<0.338 mg/kg and Cr<0.04 mg/kg), which are due to 
the very low concentrations of these metals in the com post and the soils. The 
differences between com post rates for water extractable heavy metals were 
small and, in most cases, the concentration levels were extremely low (<1 
mg/kg).
Although DTPA extractable Zn and Cu increased as the com post rates 
increased and the Mn concentration decreased as  the com post rates 
increased, the application of compost had little effect on the concentrations of 
all other metals for the 15-30 cm depth (Table 2.18). Numerous studies have
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shown that trace metal contamination usually takes place in the top layers of 
soils (Boswell, 1975; Parker et al., 1978; Williams et al., 1980).
Application of 224 Mg/ha com post increased the water extractable B to 
0.62 mg/kg for the 0-15 cm depth (Table 2.18). The B concentrations was 
below the toxic level of 5 mg/kg water extractable B (Ponnamperuma et al., 
1981). The requirement of B for most crops is 0.5 to 1.0 mg/kg water 
extractable B (Johnson and Fixen, 1990). Therefore, the application of com post 
will raise the soil B level, which was below 0.5 mg/kg for the initial soil (Table 
2.5).
Based on these data, it is believed that com post application up to 224 
Mg/ha once in four years will not result in DTPA extractable heavy metal 
accumulation to toxic levels. However, the DTPA extractable Zn and Cu added 
from com post application is a  small fraction of the total metals added (Table 
2.18), then, there is a  potential problem that availability of the metals may 
increase long after com post application. If com post is added regularly, it is 
likely that metals will be retained strongly. However, after many years of 
com post addition, if the com post application is stopped, there might be a  
gradual decline in soil organic matter and pH, which will increase the availability 
of the metals added over the years. Thus, it is necessary to conduct further 
research to investigate the effect of long term com post application on heavy 
metal accumulation in soils.
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Table 2.19. Extractable Zn and Cu (DTPA) as a  percentage of total Zn and Cu 
for the 224 Mg/ha com post addition.
Metals Extractable Total Extractable/Total
----------------kg %
Zn 8.20 96.3 8.5
Cu 2.80 52.0 5.4
2.3.2.5. Comparison between the field experiments on the Baldwin soil I 
and the Baldwin soil II
The main differences between the experiments on the Baldwin soil I and 
the Baldwin soil II are com post rate and com post application method. The 
com post rates for the Baldwin soil I included 0, 11.2, and 22.4 Mg/ha, which 
were applied to opened rows. For the Baldwin soil II, the com post rates 
consisted of 0, 44.8, 89.6, 134.4, 179.2, and 224.0 Mg/ha, which were spread 
across rows from furrow-to-furrow and disked into rows twice. The data 
showed most tested parameters did not significantly increase, but there were 
increased trends towards higher compost rates for the Baldwin soil I. For the 
Baldwin soil II, most tested parameters significantly increased as the com post 
rates increased. These results may suggest that the different responses 
between the soils to the com post application are due to the application rates 
rather than the application methods. Further study using the sam e rates and
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different application methods are necessary to determine com post application 
method effect on soil properties.
2.3.3. Memphis soil
2.3.3.1. pH and ECEC
The pH increased from 6.4 for the control to the 7.0 for the 224 Mg/ha 
com post treatment of the 0-15 cm depth, but the pH was not affected for the 
15-30 cm depth. The increased pH is due to the buffering capacity and slightly 
alkaline pH (7.3) of the compost. Fertilization application decreased the soil pH 
(Table 2.20). This decrease may be due to the ammonium form of N fertilizer 
being oxidized in aerated soils to nitrate and releasing four hydrogen ions.
Application of 168 Mg/ha compost significantly increased soil ECEC from 
5.92 cmol/kg for the control to 8.30 cmol/kg at the 0-15 cm depth. This is 
probably due to the high ECEC (24.1 cmol/kg) of the compost. The fertilizer 
application did not significantly affect the soil ECEC for either depth (Table 
2 .20).
2.3.3.2. Organic C, N, P, and S
The organic C and total N contents increased as  the com post rates 
increased for the 0-15 cm depth (Fig. 2.11). The C/N ratio also increased as 
the com post rates increased (Fig. 2.11). This resulted from the high C/N ratio 
(35.5) of the compost. The C/N ratio was 12.4 in the treatment with 168 Mg/ha
Table 2.20. Effect of fertilizer rate on soil pH, ECEC, organic C, total N, and extractable P of the Memphis soil.
Fertilizer}- pH ECEC Organic C Total N Extractable P
cmol/kg --------------% — ----------- mg/kg
0-15cm
0 6.8at 7.13a 1.31a 0.11a 200b
1x 6.6b 7.06a 1.34a 0.11a 236a
P>F§ 0.002 0.02
15-30 cm
0 6.2a 6.12a 1.13a 0.10a 88.5a
1x 6.1a 5.99a 1.16a 0.10a 96.2a
t  Fertilizer rates were based on 179 kg N, 101 kg P2Os, and 134 kg Kj,0 per hectare in 1992 and 179 kg N, 101 kg P20 5, 134 kg ICO, 
and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer. 
t Numbers within a column and a depth with the same letter are not significantly different at the 0.05 probability level based on Duncan’s 
multiple range test. Values represent the averages as a function of fertilizer rate across compost rate and sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
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com post for the 0-15 cm depth. This suggests that the application of com post 
up to 168 Mg/ha for the soil would not cause N microbial immobilization, 
because there is little N microbial immobilization in soils with a  C/N <30 
(Duggan, 1973). At the end of the three years, the C/N ratio was 9.1 in the 
treatment with the highest com post rate for the 0-15 cm depth. This result 
indicates that a rather high rate of mineralization was continuing and 
considerable amounts of organic N were released after 3 years.
The effect of the com post rate x fertilizer rate interaction on total N is 
presented in Table 2.21. No significant interaction between com post rate and 
fertilizer rate was noted for the total N. Compost application may increase N 
fertilizer efficiency. Further study is necessary to determine N 03-N and NH4-N 
following com post application.
The Bray-ll extractable P for the 0-15 cm layer significantly increased 
from 101 mg/kg for the control to 322 mg/kg for the 168 Mg/ha com post 
treatment (Fig. 2.12). There was little change of Bray-ll extractable P for the 15- 
30 cm depth, which was expected since P is not mobile in soils. Additionally, 
the water extractable P (4.58 mg/kg) for the 168 Mg/ha com post treatment was 
significantly higher than those (ranged from 1.58 to 2.94 mg/kg) for other 
treatments, which were not significantly different from each other. The use of 
fertilizer also significantly increased Bray-ll extractable P from 200 mg/kg for the 
control to 236 mg/kg at the 0-15 cm layer (Table 2.20).
Table 2.21. Effect of the interaction between com post rate and fertilizer rate on soil N, P, K, and S of the Memphis
soil.
Compost rate Total N Extractable P Exchangeable K Water soluble S
Mg/ha % __  mn /l/«rng/ng -.............
o t 1x 0 1x 0 1x 0 1x
0-15 cm depth
0 0.09 0.09 85.2 117 74.5 96.0 13.1 16.6
44.8 0.11 0.11 122 153 77.9 120 13.7 21.3
89.6 0.10 0.11 163 183 87.3 116 15.8 22.5
134.4 0.13 0.12 229 286 137 145 22.4 25.4
179.2 0.11 0.11 305 332 153 179 27.9 26.8
224.0 0.13 0.13 295 349 135 159 23.3 38.7
15-30 cm depth
0 0.10 0.10 65.4 84.7 36.3 40.7 9.51 17.2
44.8 0.09 0.09 65.1 63.2 33.0 43.5 13.6 22.6
89.6 0.10 0.10 83.6 74.6 43.4 40.1 12.2 22.4
134.4 0.09 0.11 76.1 111 48.7 44.5 19.8 23.3
179.2 0.10 0.10 153 138 80.5 70.7 21.2 24.4
224.0 0.10 0.10 88.0 106 45.4 46.8 22.4 23.5
t  Fertilizer rates were based on 179 kg N, 101 kg P2Os, and 134 kg tCp per hectare in 1992 and 179 kg N, 101 kg P20 5, 134 kg KjO, 
and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
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The concentrations of Bray-ll extractable P as  a  function of time ranged 
from 191 to 238 mg/kg throughout the 3-year study. These concentrations 
were much greater than the high level P (70 mg/kg; Peevy, 1972) for 
Mississippi derived loess silt loam soils. Thus, the increases of P associated 
with the com post and fertilizer application appear to be in excess of the 
requirement for good crop growth in the soil.
Compost application significantly increased water extractable S for both 
depths (Fig. 2.12). This is due to the high water extractable S of the com post 
(Table 2.7).
2.3.3.S. Soil K, Na, Ca, and Mg
The exchangeable (Fig. 2.13) and water extractable (Fig. 2.14) K 
increased with increasing compost rate for the 0-15 cm depth. The initial soil 
analyses (Table 2 .6) showed that the exchangeable K (79 mg/kg) was low 
(Peevy, 1972). The exchangeable portion of K is 1692 mg/kg in the compost. 
Thus, high com post rates will be beneficial in raising the K level. The water 
extractable and exchangeable K increased significantly following fertilizer 
addition for the 0-15 cm layer, but not for the 15-30 cm layer (Table 2.22).
The exchangeable Na increased significantly as the com post rates 
increased for the first year, but not for the last two years of the 0-15 cm depth 
(Fig. 2.15). For the 15-30 cm depth, significant increases of exchangeable Na 
were noted in November, 1992 and March, 1993. Also, exchangeable Na 
concentrations were higher for the 15-30 cm depth than for the 0-15 cm depth
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Table 2.22. Effect of compost rate on water extractable P and S and water extractable and NH4OAc exchangeable
K, Na, Ca, and Mg of the Memphis soil.
Fertilizerf P S K Na Ca Mg K Na Ca Mg
------------------------------- Water soluble----------------------------------------------------------exchangeable--------------
mg/kg - 
0-15 cm
0 2.27a+ 19.4b 27.2b 24.7a 52.2a 5.72a 111b 17.5a 1240a 68.8a
1x 3.00a 25.3a 35.3a 24.7a 54.4a 6.16a 136a 17.2a 1213a 68.3a
P>F§ 0.005 0.002 0.003
15-30 cm
0 1.70a 16.5b 6.87a 28.1a 25.4b 2.45b 47.7a 24.1a 1091a 53.8a
1x 1.69a 22.2a 8.35a 26.3a 35.6a 3.46a 47.9a 21.1b 1067a 53.5a
P>F 0.004
t  Fertilizer rates were based on 179 kg N, 101 kg P2Os, and 134 kg IC,0 per hectare in 1992 and 179 kg N, 101 kg P2Os, 134 kg (C.O, 
and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
$ Numbers within a column and a depth with the same letter are not significantly different at the 0.05 probability level based on Duncan's 
multiple range test. Values represent the averages as a function of fertilizer rate across compost rate and sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
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from November, 1992 to October, 1994, which may be due to Na leaching. 
Data for the 15-30 cm depth in October, 1991, and March, 1992, are not 
available since no sam ples were collected. Water extractable Na had a  similar 
trend as  the exchangeable Na.
The com post application significantly increased exchangeable (Fig. 2.13) 
and water extractable (Fig. 2.14) Ca and Mg for the 0-15 cm. Also, the 
exchangeable and water extractable Mg increased for the 15-30 cm depth. The 
exchangeable and water extractable Ca and Mg did not significantly change 
after the fertilization for either depth (Table 2.22). The initial soil analyses 
(Table 2.6) indicated that the exchangeable Mg (51 mg/kg) was low (Peevy,
1972). The exchangeable portion of Mg is 430 mg/kg in the compost. 
Therefore, high compost rates will be beneficial for raising the Mg level of the 
soil.
2.3.3A  Micronutrients and non-essential heavy metals
The com post application significantly changed DTPA extractable Fe and 
Zn, but there were no trends to describe the changes for the 0-15 cm depth 
(Table 2.23). This may be due to the variations of the soil samples. Compost 
application significantly increased DTPA extractable Cu from October, 1991 to 
March, 1993, but not from November, 1993 to October, 1994 (Fig. 2.16). 
Generally, the DTPA extractable Cu concentrations remained sam e level from
Table 2.23 Effect of compost rate on DTPA extractable metals and water extractable B of the Memphis soil.
Compost Fe Mn Zn Cu Ni Cd Pb B
fA n /h fl rrtnfUn .. . . . . . .■ n iy / i \ y  ——
0-15 cm
0 57.9at 44.9a 4.31 ab 1.15c 0.71a 0.05ab 1.92a 0.15c
33.6 38.2b 37.4b 1.41b 1.23c 0.57bc 0.03b 0.78a 0.23b
67.2 39.1b 37.0b 2.27b 1.55c 0.58bc 0.06ab 0.88a 0.24b
100.8 51.4ab 38.7b 5.70ab 2.15b 0.68a 0.06ab 2.00a 0.32a
134.4 52.6ab 34.8b 9.19a 2.71a 0.66ab 0.09a 1.76a 0.33a
168.0 40.1b 32.3b 4.09ab 2.26b 0.55c 0.05b 0.88a 0.36a
P>F* 0.06 0.009 0.04 0.0001 0.85 0.03 0.0004
15-30 cm
0 50.0a 35.9a 7.82a 1.92a 0.74a 0.07a 1.93a 0.13d
33.6 43.7a 40.5a 1.83a 1.31a 0.72a 0.04a 0.78a 0.15cd
67.2 41.0a 37.5a 3.48a 1.99a 0.70a 0.06a 0.88a 0.18c
100.8 50.0a 38.8a 5.87a 1.89a 0.87a 0.07a 2.00a 0.23b
134.4 47.9a 36.1a 6.65a 1.95a 0.70a 0.07a 1.76a 0.25ab
168.0 44.4a 35.5a 3.34a 1.78a 0.66a 0.04a 0.88a 0.27a
P>F 0.005
t  Numbers within a column and a depth with the same letter are not significantly different at the 0.05 probability level based on Duncan's 
multiple range test. Values represent the averages as a function of compost rate across fertilizer rate and sampling time.
$ P>F is probability calculated by analysis of variance, presented for significant variables only.
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Figure 2.16. Extractable Cu as a function of compost by time for the 0-15 cm 
layer. The 0 , M, and N are October, March, and November, respectively. 
The NS is not significant at P<0.05. Sandard error of the mean ranged from 
0.15 to 0.21 mg/kg.
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October, 1991 to March, 1993, but decreased greatly from March, 1993 to 
November, 1993. The decreased Cu may result from the readily available 
forms being changed to unavailable or immobile forms with time. Because 
time allows metal ions to diffuse to the strongest sorptive sites (Bohn et al., 
1985). This agrees with Korchak et al. (1979), who reported that Cd and Cu 
slowly declined in availability with time. Plant uptake may also attributed to a 
small part of the decreased Cu.
The com post significantly decreased the concentration of DTPA 
extractable Mn (Table 2.23). The decrease of soil Mn was assum ed to be 
caused by increased soil pH. Many studies have reported that soil Mn is 
converted to less soluble forms at higher pH values (Shuman and Anderson, 
1978; Tierney and Martens, 1982; Sims, 1990).
The compost application did not change the quantity of DTPA 
extractable Pb for either depth (Table 2.23). Although the concentration of 
DTPA extractable Ni and Cd were significantly different between som e com post 
rates, there were no trends. The DTPA extractable Co, As, and Cr in most soil 
sam ples were below the ICP detection limits (Co<0.08, As<0.34, and Cr<0.04 
mg/kg). The differences between com post rates for water extractable heavy 
metals were small and, in most cases, the concentration levels were extremely 
low (<1 mg/kg).
Compost application essentially had no effect on the concentrations of 
the metals investigated for the 15-30 cm depth (Table 2.23). Numerous studies
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have shown that trace metal contamination usually takes place in the top layers 
of soils (Boswell, 1975; Parker et al., 1978; Williams et al., 1980).
The com post increased the water extractable B for both depths (Table
2.23). The increased B for the highest com post rate was 0.36 mg/kg for the 0-
15 cm depth. This is much lower than the toxic level of 5 mg/kg water
extractable B (Ponnamperuma et al., 1981). The requirements of B for most
crops are 0.5 to 1.0 mg/kg water extractable B (Johnson and Fixen, 1990).
Therefore, the application of compost can raise the B level for the soil.
2.3.3.S. Comparison between the field experiments on the Baldwin soil II 
and the Memphis soil
The com post rate, application method, and soil type are main differences 
between the experiments on the Baldwin soil II and the Memphis soil. The 
com post rates for the Memphis soil included 0, 33.6, 67.2, 100.8, 134.4, and
168.0 Mg/ha, which was applied on the top of the rows and disked into the 
rows twice. The results showed that the total N, extractable P, and 
exchangeable K for the 224 Mg/ha compost treatment of the Baldwin soil II 
were higher than those for the 134.4 Mg/ha com post treatment of the Memphis 
soil (Table 2.23). The increased Bray-ll extractable P from the control to the 
134.4 Mg/ha com post treatment for the Baldwin soil II (135 mg/kg) was different 
from that (221 mg/kg) for the Memphis soil. However, the increased 
exchangeable K from the control to the 134.4 Mg/ha com post treatment was
about the sam e for both soils (63 mg/kg for the Baldwin soil II and 62 mg/kg 
for the Memphis soil). These data indicate that com post rate may be a  
governing factor for the nutrient increases, but the nutrient increases may also 
depend on a  particular element, soil type, or application method. Further study 
is needed to elucidate the specific effect of soil type or application method on 
soil nutrients following com post application.
Table 2.24. The effects of soil type and com post rate on soil N, P, and K for 
the 0-15 cm depth.
Compost rate Total N Bray-ll extractable 
P
Exchangeable K
B t M B M B M
Mg/ha _________ % . . . . . . . . . . . .  niy/fty--------
0 0.15 0.09 457 101 150 85
134.4 0.21 0.13 592 322 213 147
224.0 0.24 713 252
t  B and M = Baldwin soil II and Memphis soil, respectively.
The responses of heavy metals to the compost application between the 
Baldwin soil II and the Memphis soil are different from the nutrients. For 
example, there were increasing trends for extractable Zn and Cu of the Baldwin 
soil II (Table 2.18), but there was not an increasing trend for Zn of the Memphis 
soil at the 0-15 cm depth (Table 2.23). Also, the increased Zn and Cu 
quantities from control to the 134.4 Mg/ha compost treatment were higher for
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soil II than for the Memphis soil. These results may indicate that both soil type 
and com post rate are important regarding heavy metal accumulation due to 
com post application. If com post is applied into sam e soil layer, application 
method is less likely to affect heavy metal accumulation since heavy metals 
have little movement in soils (Wiliams et al., 1980).
2.4. Summary and Conclusions
2.4.1 Baldwin soil I
The com post application had little effect on the soil fertility except Bray-ll 
extractable P, which increased. However, most nutrient concentrations had 
increasing trends with higher com post rates.
The application of fertilizer significantly increased S, K, Ca, and Mg water 
extractable forms, but not exchangeable forms. There were no significant 
differences between 0.5x and 0.5x+ rates for all nutrients except S, which 
suggests that the application of 2.24 Mg/ha com post each spring had little 
beneficial effect on soil nutrients. Based upon these results and initial levels of 
soil nutrients, the 1x rate of K fertilizer and no P fertilizer are recommended. 
The 1x rate of sulfur fertilizer is also recommended. Further studies of NH4-N 
and N 03-N and the rate of N mineralization are necessary before making a 
recommendation for N fertilization.
The com post application increased Zn and Cu, but the increased 
concentrations of these metals were much lower than phytotoxic levels. 
Additionally, the availability of these metals tends to decrease with time in most
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cases. Based on the loading rates for Cu and Zn specified by Louisiana 
Department of Environmental Quality (DEQ) (1994), if 22.4 Mg/ha com post is 
applied every four years and there is no removal of the metals by cropping, the 
com post application could continue for 215 years for Cu and 232 years for Zn.
2.4.2. Baldwin soil II
The soil N, P, S, K, Ca, Mg, and B significantly increased following the 
com post application. In most cases, the increases of P, K, Ca, and Mg were 
in Bray-ll extractable and exchangeable forms rather than water extractable 
forms. The com post application also increased organic matter, which would 
improve infiltration and aeration of this poorly drained soil. Based on the 
nutrient levels in the soil (Peevy, 1972), K is the limiting element. To increase 
exchangeable K to medium levels (200-300 mg/kg), the minimum 
recommended com post rate is 134.4 Mg/ha.
The water extractable S and Na decreased greatly during the first four 
months following the com post application, which may be attributed to leaching 
and runoff. This may contaminate surface and ground water. Further study is 
needed to determine the effect of S and Na leaching on water quality.
The application of fertilizer increased P, S, K, Ca, and Mg, mainly in 
water extractable forms. However, there was little change in total N. Based on 
these soil results and initial levels of soil nutrients, the 1x rate of K fertilizer and 
no P fertilizer are recommended. Further studies of NH4-N and N 03-N and the
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rate of N mineralization are necessary before making a  recommendation for N 
fertilizer.
The com post application increased Zn, Cu, Cd, and Pb concentrations. 
But these increased metal concentrations are much lower than phytotoxic 
levels. Additionally, the availability of these metals tends to decrease with time 
in most cases. According to the loading rates for Zn, Cu, Cd, and Pb specified 
by Louisiana Department of Environmental Quality (DEQ) (1994), if 134.4 Mg/ha 
com post is applied every four years and there is no removal of the metals by 
cropping, the limiting time of compost addition are 71 years for Cu, 77 years 
for Zn, 88 years for Cd, and 606 years for Pb.
2.4.3. Memphis soil
The soil C, N, P, K, Ca, Mg, and S significantly increased following 
com post application. Based on the nutrient levels in the soil (Peevy, 1972), K 
is the limiting element. To increase exchangeable K to medium level (120-160 
mg/kg), the minimum recommended com post rate is 134.4 Mg/ha.
The fertilizer addition increased P, S, K, Ca, and Mg. Based on these 
soil results and initial levels of soil nutrients, the 1x rate of K fertilizer and no P 
fertilizer are recommended. The 1x rate of sulfur fertilizer is also recommended 
for stubble cane. Further studies of NH4-N and N 03-N and the rate of N 
mineralization are necessary before making a  recommendation for N fertilizer 
based on soil analyses.
The com post application increased the soil Cu concentration. However, 
the increased Cu is much lower than the phytotoxic level. Also, the availability 
of Cu tends to decrease with time in most cases. Based on the loading rates 
for Cu specified by Louisiana Department of Environmental Quality (DEQ) 
(1994), if 134.4 Mg/ha com post is applied every four years and there is no 
removal of Cu by cropping, the compost application could continue for 35 
years.
CHAPTER 3
EFFECT OF COMPOSTED MUNICIPAL WASTE AND FERTILIZER ON 
SUGARCANE ELEMENTAL UPTAKE AND YIELD
3.1. Introduction
Application of com posted municipal waste has been shown to affect 
plant tissue nutrient concentration and yield for many crops (Duggan, 1973; 
Terman and Mays, 1973; Sims, 1990). But little research has been reported for 
the effect of composted municipal waste on sugarcane. Compost (C/N ratio 
>30) addition to soils immobilized soil N (Sims, 1990). Decreased N in plant 
tissue has been shown for corn (Terman and Mays, 1973), tobacco (Duggan,
1973), and wheat (Sims, 1990) due to compost application. Also, reduced dry 
matter yields of wheat was reported following com post application (Sims,
1990). These deficiencies can be corrected by the addition of mineral fertilizers 
(Dickens et al., 1971). Kropisz and Russel (1978) indicated that the combined 
application of NPK fertilizer and municipal garbage com post increased the N 
content of several types of crops compared to the application of mineral 
fertilizer alone. The addition of com posts to soils did not significantly change 
the concentrations of plant P (Bengtson and Cornette, 1973; King et al., 1977). 
However, Sims (1990) reported that P concentrations in wheat plant increased 
following com posted sew age sludge application. Ryegrass S concentrations 
did not increase during the first two crops after com post application. However, 
with subsequent crops, com post increased S content significantly (Gallardo- 
Lara et al., 1979).
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Generally, K in com post is in an easily-assimilated form and has a  high 
efficiency (Terman and Mays, 1973). Thus, the use of com post leads to 
significant increases of plant K (Bengtson and Cornette, 1973; King et al,. 
1977). Sims (1990) showed that plant Ca and Mg concentrations were not 
changed by com post application, while King et al. (1974) reported the plant Ca 
and Mg decreased due to an antagonistic action promoted by the increased 
K uptake.
Compost addition produced a  considerable enhancement of the plant 
adsorption of Zn in wheat (Sims, 1990) and Cu in wheat and soybeans (Sims 
and Kline, 1991). However, for all these cases, no Zn and Cu phytotoxicity was 
observed as a  consequence of com post application. M anganese 
concentrations decreased in soybean tissue (Sims and Kline, 1991) due to the 
soil Mn being converted to less available forms at a  higher soil pH (Shuman 
and Anderson, 1978; Sims, 1986). In addition, Purves (1973) reported that 
com posts may increase plant absorption of B to excessive levels, creating 
symptoms of intense phytotoxicity.
The application of com post increased som e non-essential heavy metals. 
These included Ni in plant tissue of wheat and soybeans (Sims and Kline,
1991), Cr in maize crops (Mortvedt and Giordano, 1975), and Cd in sugarcane, 
corn, wheat, barley, and oats (King etal., 1977; W atanabeand Kurihara, 1982). 
However, Pb in ryegrass, Ni in soybean seeds, and Cd and Ni in tobacco and
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peanut tops decreased following compost application due to increased soil pH 
(Liebhardt and Koske, 1974; King and Hajjar, 1990; Sims and Kline, 1991).
There is limited information on the effect of com posted municipal solid 
waste and sew age sludge together on crops and much less for sugarcane. 
Because of this lack of research data and a need to determine the potential 
benefits of applying com posted wastes to agricultural lands instead of 
landfilling, a  research project was undertaken to evaluate com posted municipal 
waste application on soils growing sugarcane. The objective of this study was 
to determine the effects of composted municipal waste and fertilizer on 
elemental concentrations of sugarcane plant tissue and sugar juice, and 
sugarcane yield.
3.2. Materials and Method
3.2.1. Soil, compost, field experiment, and sample collection
Details for the soils, compost, field experiment, and soil sample 
collection are discussed in chapter 2 .
Plant leaf sam ples at the third mature leaf from the top of the sugarcane 
plant were collected in late-July each year for all the studies. Three leaves 
were collected from each row of a  plot for the Baldwin soil I. For the Baldwin 
soil II and the Memphis soil, three leaves were taken from the each middle 
three rows of a  plot. Sugarcane was harvested in December and weighted. 
A ten stalk sample was taken from each plot to crush for sugar juice.
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3.2.2. Chemical analysis
The fresh non-washed leaf sam ples were oven dried (overnight) at 70 °C 
and ground to pass through a  40 mesh screen. The samples were digested 
in concentrated HN03 and elemental concentrations were determined using an 
inductively coupled plasma (ICP) spectrometry (Feagley et al., 1994). Plant 
tissue N was determined by the Kjeldahl method (Nelson and Sommers, 1973). 
Sugar juice was analyzed by the sam e method as  the leaf samples. Soil 
analyses were done as described in Chapter 2.
3.2.3. Statistical analysis
Statistical analyses were done as  described in Chapter 2 except soil 
depth was not a  variable.
3.3. Results and Discussion
3.3.1. Baldwin soil I
3.3.1.1. Plant tissue
Compost application had no significant effect on uptake of any of the 
plant nutrients except Cu, which was significantly higher for the 11.2 Mg/ha 
com post treatment than for the control, but had no significant difference 
between the control and the 22.4 Mg/ha compost treatment (Table 3.1). Also, 
there were no significant interactions between com post rate and fertilizer rate
Table 3.1. Effect of compost rate on the nutrients of plant tissue.
Compost N P K S Ca Mg Mn Fe Zn Cu B
Mg/kg __  O/ - my/Ky -
0 1.26af 0.20a 1.60a 0.16a 0.23a 0.13a 98.1a 58.6a 19.8a 7.68b 6.90a
11.2 1.25a 0.20a 1.61a 0.16a 0.24a 0.13a 99.8a 55.4a 21.7a 9.34a 6.81a
22.4 1.26a 0.20a 1.62a 0.16a 0.24a 0.13a 94.2a 58.6a 19.0a 7.99ab 6.61a
P > F t 0.09
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level according 
to Duncan's multiple range test. Values represent averages as a  function of compost rate across fertilizer rate and 
sampling time.
t  P>F is probability by analysis of variance, presented for significant variables only.
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for the plant tissue N, P, K, and S (Table 3.2). The increased plant tissue Cu 
for the 11.2 Mg/ha com post treatment is due to the added Cu from the 
compost. However, at the 22.4 Mg/ha com post rate, the soil pH and organic 
matter may have increased to a  point which substantially decreased the 
bioavailability of soil Cu. Since the toxic level of Cu in plant tissue is 2 0 -1 0 0  
mg/kg (Kabata-Pendias and Pendias, 1992), the increased plant tissue Cu 
would not affect the sugarcane growth.
Other non-essential heavy metals (Cd, Pb, Co, As, Cr) were not 
assimilated into the plant tissue in concentrations that would cause any 
environmental problems due to the compost application. For most tissue 
samples, the concentrations of these heavy metals were below the ICP 
detection limits (Cd<0.03, Pb<0.43, Co<0.08, As<0.32, and Cr<0.04 mg/kg). 
The tolerance levels of these metals for agronomic crops are 3 mg/kg for Cd, 
10 mg/kg for Pb, 5 mg/kg for Co, and 2 mg/kg Cr. There is no tolerance level 
for As, but the As toxic level for medium tolerant plant species is 5-20 mg/kg. 
(Kabata-Pendias and Pendias, 1992). Therefore, this compost should not affect 
plant growth with regards to possible heavy metal contamination.
The fertilizer increased plant tissue N in 1993 and 1994, but not in 1991 
and 1992 (Fig. 3.1), which indicates that the responses of the stubble cane 
crops to added N fertilizer were greater than plant cane. Although the plant N 
increased, the levels of plant N were still lower than the sufficient level (1.5%; 
Sedberry et al., 1987).
Table 3.2. Effect of com post rate by fertilizer rate on plant tissue N, P, K, and S.
Fertilizerf
0*
N
11.2 22.4 0
P
11.2 22.4 0
K
11.2 22.4 0
S
11.2 22.4
o/
0 1.16 1.12 1.17 0.20 0.20
. . . . . . . . .  /o
0.21 1.54 1.56 1.55 0.16 0.16 0.17
0.5x 1.28 1.26 1.24 0.20 0.21 0.19 1.60 1.65 1.62 0.16 0.16 0.16
0.5x+ 1.26 1.26 1.28 0.20 0.20 0.21 1.54 1.60 1.61 0.16 0.17 0.16
1x 1.36 1.35 1.33 0.20 0.20 0.20 1.71 1.63 1.69 0.15 0.15 0.16
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg fC,0 per hectare in 1991,134 kg N, 67 kg P20 5, 90 
kg KaO, and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg ICA and 27 kg S per hectare in 1993 
and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. The 
0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha compost applied in April of 1991, 1992, 1993, and 
1994.
t  Compost rate (Mg/ha).
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Figure 3.1. Effect of fertilizer rate on (a) plant tissue N, (b) cane yield, 
and (c) sugar yield. The * and NS are significant and not significant 
at P<0.05, respectively. See Table 2.1 for fertilizer rates. The vertical 
bars are standard error of the mean.
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The P fertilizer addition did not significantly affect on plant tissue P 
(Table 3.3), which is due to the high initial soil P (189 mg/kg) (Peevy, 1972). 
The plant tissue P was 0.20% for both fertilizer rates. This value is higher than 
the sufficient plant tissue P level (0.18%; Sedberry et al., 1987).
The fertilizer addition significantly increased plant tissue K (Table 3.3). 
This was predicted from the low soil K based on the soil test levels (Peevy, 
1972). The plant tissue K ranged from 1.55 to 1.67% as  a function of fertilizer 
rate. According to Sedberry et al. (1987), the sufficient level of plant tissue K 
is 1.25%. Thus, the fertilizer addition appears to be adequate for the sugarcane 
growth. The plant tissue K decreased from 1.91% in 1991 to 1.30% in 1994. 
This observation indicates that fertilizer application is more important for stubble 
cane than for plant cane.
Plant tissue S (Table 3.3) had no significant changes following the 
fertilizer addition. The plant tissue S concentrations were close to 0.15%, the 
sufficient level of sugarcane (Sedberry et al., 1987).
There were significant increases for plant tissue Ca and Mg resulting 
from the fertilizer application (Table 3.3). The Ca was added with the P and S 
fertilizer. The concentrations of plant tissue Ca and Mg, in most cases, were 
slightly lower than the sufficient levels of 0.25% for Ca and 0.15% for Mg 
(Sedberry et al., 1987).
The fertilizer addition did not significantly change the concentrations of 
plant tissue Mn, Fe, Zn, Cu, and B (Table 3.3). The plant tissue Mn, Fe, Cu,
Table 3.3. Effect of fertilizer rate on the nutrient concentrations of plant tissue.
Fertilizer!- N P K S Ca Mg Mn Fe Zn Cu B
° A -  - -  i i i y / f t y  *
0 1.15c* 0.20a 1.55b 0.16a 0.22b 0.12b 95.4a 50.7a 18.4a 7.92a 7.31a
0.5x 1.26b 0.20a 1.62ab 0.16a 0.24ab 0.13a 96.5a 55.8a 20.2a 8.00a 7.22a
0.5x+ 1.27b 0.20a 1.58b 0.16a 0.25a 0.14a 97.8a 54.8a 19.9a 7.93a 6.35a
1x 1.35a 0.20a 1.67a 0.16a 0.24ab 0.14a 99.7a 58.1a 22.2a 9.47a 6 .22a
P>F§ 0.001 0.03 0.10 0.004
t  Fertilizer rates were based on 134 kg N, 67 kg P20 51 and 90 kg KgO per hectare in 1991,134 kg N, 67 kg P20 5, 90 
kg Kj>0, and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg Kj>0, and 27 kg S per hectare in 
1993 and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. 
The 0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha compost applied in April of 1991, 1992, 1993, 
and 1994.
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level according 
to Duncan’s  multiple range test. Values represent the averages as  a  function of fertilizer rate across compost rate 
and sampling time.
§P > F  is probability calculated by analysis of variance, presented for significant variables only.
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and B were higher than the sufficient levels (25 mg/kg for Mn, 20 mg/kg for Fe, 
6 mg/kg for Cu, and 5 mg/kg for B; Sedberry et al., 1987). While the plant Zn 
was slightly lower than the sufficient level (20 mg/kg; Sedberry et al., 1987).
3.3.1.2. Sugar juice
There were no significant differences between com post rates for any of 
the elements in sugar juice except for Mg, which significantly increased for the
22.4 Mg/ha com post treatment (Table 3.4). Also, no significant interactions 
between com post rate and fertilizer rate were noted for sugar juice P, K, and 
S (Table 3.5).
The fertilizer addition significantly decreased sugar juice P and S, but did 
not affect sugar juice K and Na (Table 3.6). The decreases of sugar juice P 
and S may result from a  dilution effect since sugar yields were higher for the 
fertilizer treatment than for the control (Fig. 3.1). The concentrations of sugar 
juice Ca and Mg increased following the fertilizer addition (Table 3.6).
The fertilizer addition significantly decreased sugar juice Zn (Table 3.6). 
This may be due to an antagonistic effect between Zn and Ca (Marscher,
1986). The higher concentration of Ca in the fertilizer treatment reduced the Zn 
uptake. Sugar juice Fe, Mn, Cu, and B concentrations did not significantly 
change due to the fertilization (Table 3.6).
Table 3.4. Effect of com post rate on elemental concentrations in sugar juice.
Compost P K S Ca Mg Mn Fe Zn Cu B Na
Mg/ha
0
11.2
22.4
P>F*
349af
352a
345a
1821a
1757a
1566a
278a
269a
278a
136a
139a
150a
156b
155b
165a
0.03
— n i y / r v y  -
4.47a
4.24a
4.06a
14.0a
14.0a
14.8a
3.42a
3.53a
3.63a
0.62a
0.65a
0.58a
0.17a
0.32a
0.38a
2.89a
2.54a
3.15a
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level based on 
Duncan’s  multiple range test. Values represent the averages as  a  function of com post rate across fertilizer rate and 
sampling time.
t  P>F is probability calculated by analysis of variance, presented for significant variables only.
Table 3.5. Effect of com post rate by fertilizer rate on sugar juice P, K, and S.
Fertilizerf
0*
P
11.2 22.4 0
K
11.2 22.4 0
S
11.2 22.4
0 425 455 448 1884 2202 1722 299 322 303
0.5x 335 323 335 1762 1530 1585 267 261 284
0.5x+ 340 340 318 1623 1605 1486 274 281 278
1x 294 290 281 2017 1691 1473 273 212 247
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg KgO per hectare in 1991,134 kg N, 67 kg P20 5, 90 
kg KgO, and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg Kj.0, and 27 kg S per hectare in 1993 
and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. The 
0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha compost applied in April of 1991, 1992, 1993, and 
1994.
t  Compost rate (Mg/ha).
Table 3.6. Effect of fertilizer rate on the elemental concentrations of sugar juice.
Fertilizerf P K S
0 442af 1936a 308a
0.5x 331b 1626a 271 ab
0.5x+ 333b 1571a 278ab
1x 288c 1727a 244b
P>F§ 0.001 0.01
Ca Mg Na Fe
mg/kg
124b 141c 3.13a 14.4a
146a 160b 2.65a 13.4a
155a 171a 2.78a 15.1a
141a 163ab 2.88a 14.2a
0.004 0.001
Mn Zn Cu B
4.96a 4.98a 0.62a 0.36a
4.23a 3.14bc 0.60a 0.12a
4.09a 3.34b 0.68a 0.27a
3.73a 2.64c 0.58a 0.41a
0.0001
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg KLp per hectare in 1991,134 kg N, 67 kg P20 5, 90 
kg ic p , and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg icp , and 27 kg S per hectare in 
1993 and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. 
The 0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha compost applied in April of 1991, 1992, 1993, 
and 1994.
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level according 
to Duncan’s  multiple range test. Values represent the averages as a  function of fertilizer rate across compost rate 
and sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
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3.3.1.3. Yield
The com post application did not significantly change cane and sugar 
yields (Table 3.7 and 3.8). In most cases, however, the cane and sugar yields 
for the com post application treatments were higher than for the control 
treatment. This may indicate that higher rates of com post application would 
significantly increase cane and sugar yields.
The fertilizer significantly increased both cane and sugar yields each year 
(Fig. 3.1). The amounts of the yield increases due to the fertilizer were greater 
for the stubble cane than for the plant cane. Least squares m eans tests 
(P<0.05) showed that the yields for the control treatment were significant lower 
than the yields for the 1x fertilizer treatment, but no significant difference 
between 0.5x and 1x fertilizer treatments. Also, least squares m eans tests 
(P<0.05) showed that the response of both cane and sugar yields for treatment 
with 0.5x fertilizer were not significantly different from the treatment with 0.5x+ 
fertilizer plus 2.24 Mg/ha compost. This suggests that 2.24 Mg/ha com post 
addition in the spring had no beneficial effect on cane and sugar yields.
Although the interaction between com post rate and fertilizer rate was not 
significant, the cane and sugar yields tended to increase with increasing 
com post rates for the 1x fertilizer treatment each year, but not for the 0, 0.5x, 
and 0.5x+ fertilizer treatments (Table 3.7 and 3.8). This may indicate that the 
com post and fertilizer can synergistically increase cane and sugar yields.
Table 3.7. Effect of compost rate, fertilizer rate, and time on cane yield.
Fertilizerf 1991 1992 1993 1994
Of 11.2 22.4 0 11.2 22.4 0 11.2 22.4 0 11.2 22.4 Mean§
0 68.5 74.8 68.3 36.3 38.5 37.9 44.8 42.3 43.5 31.6 34.5 34.3 46.1
0.5x 79.1 82.0 81.3 56.0 52.0 53.5 61.4 59.6 58.5 61.4 65.6 64.1 64.5
0.5X+ 76.6 79.1 78.8 55.6 58.2 55.6 61.8 60.3 64.5 61.4 60.5 61.8 64.5
1x 82.0 84.7 89.4 58.0 60.3 61.4 65.2 67.9 73.5 69.4 70.8 71.2 71.0
Avg.U 76.6 80.2 79.5 51.5 52.3 52.1 58.3 57.5 60.0 56.0 57.9 57.9
t  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg K^O per hectare in 1991, 134 kg N, 67 kg P20 5, 90 
kg KjjO, and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg fCp, and 27 kg S per hectare in 1993 
and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. The 
0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha com post applied in April of 1991, 1992, 1993, and 
1994.
t  Compost rate (Mg/ha).
§ Each value is an average of cane yield as  a  function of fertilizer rate across compost rate and sampling time.
U Each value is an average of cane yield as  a  function of com post rate by sampling time across fertilizer rate.
Table 3.8. Effect of compost rate, fertilizer rate, and time on sugar yield.
Fertilizerf 1991 1992 1993 1994
Of 11.2 22.4 0 11.2 22.4 0 11.2 22.4 0 11.2 22.4 Mean§
Mg/ha
0 6.17 6.63 6.05 3.77 3.95 3.95 3.85 3.58 3.92 2.87 3.29 3.20 4.27
0.5x 7.30 7.61 7.64 5.95 5.47 5.68 5.11 5.24 5.05 5.87 6.56 6.28 6.15
0.5x+ 7.24 7.42 6.87 5.84 6.30 5.62 5.59 5.17 5.59 5.47 5.84 5.62 6.05
1x 7.67 8.29 8.48 6.16 6.21 6.30 5.89 6.12 6.56 6.33 6.68 6.97 6.81
Avg.U 7.10 7.49 7.26 5.43 5.48 5.39 5.11 5.03 5.28 5.14 5.59 5.52
f  Fertilizer rates were based on 134 kg N, 67 kg P20 5, and 90 kg K p  per hectare in 1991, 134 kg N, 67 kg P20 5, 90 
kg KjO, and 27 kg S per hectare in 1992, and 179 kg N, 101 kg P20 5, 134 kg KgO, and 27 kg S per hectare in 1993 
and 1994 at the 1.0x rate; the 0.5x rate received half this amount; and the 0 rate did not receive fertilizer. The 
0.5x+ was a  combination of fertilizer rate 0.5x and 2.24 Mg/ha compost applied in April of 1991, 1992, 1993, and 
1994.
f  Compost rate (Mg/ha).
§ Each value is an average of cane yield as  a  function of fertilizer rate across com post rate and sampling time.
11 Each value is an average of cane yield as  a  function of compost rate by sampling time across fertilizer rate.
The correlation analyses between average cane yield (Table 3.7) and 
average plant tissue N, P, K, and S as  a  function of fertilizer rate (Table 3.3) 
showed that the only plant tissue N had a  significantly positive correlation with 
the cane yields (Fig. 3.2). This may indicate that N was the limiting nutrient for 
sugarcane growth and yields.
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Figure 3.2. The correlation between plant tissue N and cane yield as 
a function of fertilizer rate. The ** is significant at P<0.01.
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3.3.2. Baldwin soil II
3.3.2.1. Plant tissu e
The com post (Table 3.9) and fertilizer (Table 3.10) application 
significantly increased plant tissue N. A significant interaction between fertilizer 
rate and sampling time showed that the fertilizer increased plant tissue N in 
1993 and 1994, but not in 1992 (Fig. 3.3). This indicates that the soil available 
N decreased with time for the no fertilizer treatment. The responses of the 
stubble cane crops to added N fertilizer were greater than plant cane. There 
was no significant interaction between compost rate and fertilizer rate for plant 
tissue N (Table 3.11). Although the plant N increased, the levels were lower 
than the sufficient level (1.5%; Sedberry et al., 1987).
The com post application did not significantly change plant tissue P, 
which ranged from 0.25 to 0.27% as a  function of com post rate (Table 3.9). 
The fertilization had a  significant negative effect on plant tissue P (Table 3.10). 
This negative effect may be due to a dilution effect as  a  result of higher 
sugarcane production from the fertilizer treatment than from the control. 
Another possible explanation is that the fertilizer addition decreased the soil pH 
from 6.8 for the control to 6.3 at the 0-15 cm layer. Since phosphate solubility 
is highest at pH values between 6.5 and 7 (Troeh and Thompson, 1993), the 
decreased pH would decrease the bioavailability of P. Despite this decrease, 
the plant tissue P was higher than sufficient level of plant tissue P (0.18%; 
Sedberry et al., 1987). Therefore, the decrease should not affect plant growth.
Table 3.9. Effect of compost rate on elemental concentrations in plant tissue.
Compost N P K S Ca Mg Mn Fe Zn Cu B Ni
°A
0 1.25cf 0.26a 1.69b 0.16b 0.23a 0.13a 41.9a 44.8a 18.0a 5.01a 6.82bc 0.76a
44.8 1.26bc 0.26a 1.78a 0.16b 0.22a 0.13a 34.9b 45.3a 20.2a 5.17a 7.75ab 0.61a
89.6 1,30abc 0.26a 1.80a 0.16b 0.22a 0.12a 30.2bc 43.8a 20.1a 5.09a 6.11c 0.46a
134.4 1.32a 0.26a 1.79a 0.16b 0.22a 0.13a 27.2cd 43.6a 18.9a 5.18a 6.44bc 0.82a
179.2 1.29abc 0.27a 1.80a 0.18a 0.23a 0.13a 25.8cd 46.6a 18.2a 5.34a 8.61a 0.33a
224.0 1.32ab 0.25a 1.74ab 0.17ab 0.23a 0.13a 23.8d 47.3a 18.8a 5.16a 6.13c 0.52a
P>F* 0.08 0.05 0.001 0.0001 0.004
t  Numbers within a column with the same letter are not significantly different at the 0.05 probability level based on Duncan’s multiple range 
test. Values represent the averages as a function of compost rate across fertilizer rate and sampling time. 
tP > F  is probability calculated by analysis of variance, presented for significant variables only.
Table 3.10. Effect of fertilizer rate on nutrient concentrations of plant tissue.
Fertilizert N P K S Ca Mg Mn Fe Zn Cu
0 1.23bt 0.28a
---------- %_
1.81a 0.17a 0.21b 0.12b 43.3a
- mg/kg -  
29.9a 18.8a 4.88b
1x 1.35a 0.24b 1.80a 0.17a 0.23a 0.14a 47.1a 31.4a 19.3a 5.44a
P>F§ 0.0001 0.0001 0.02 0.0001 0.0001
t  Fertilizer rates were based on 179 kg N, 101 kg P2Os, and 134 kg fC.0 per hectare in 1992 and 179 kg N, 101 kg 
P20 5, 134 kg Kj.0, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer, 
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level based on 
Duncan’s multiple range test. Values represent the averages as a  function of fertilizer rate across compost rate and 
sampling time.
§P>F is probability calculated by analysis of variance, presented for significant variables only.
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Figure 3.3. Plant tissue (a) N as  a function of fertilizer by time and 
(b) Mn as a function of compost by time. The * and ** is significant 
at P<0.01 and 0.01, respectively. The vertical bars are standard 
error of the mean. See Table 2.2 for fertilizer rates.
Table 3.11. Effect of compost rate by fertilizer rate on plant tissue N, P, K, and S.
Compost rate N P K S
Of 1x 0 1x 0 1x 0 1x
Mg/ha
0
O/ . . . .
1.18 1.33 0.28 0.24 1.71 1.67 0.16 0.16
44.8 1.18 1.33 0.28 0.24 1.74 1.82 0.16 0.17
89.6 1.26 1.35 0.28 0.24 1.82 1.77 0.17 0.17
134.4 1.25 1.39 0.27 0.24 1.85 1.72 0.17 0.17
179.2 1.25 1.32 0.28 0.24 1.77 1.82 0.18 0.18
224.0 1.27 1.37 0.27 0.23 1.78 1.71 0.18 0.17
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg ICjO per hectare in 1992 and 179 kg N, 101 kg 
P20 5, 134 kg KgO, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
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The com post application significantly increased plant tissue K and the 
increased amounts ranged from 0.05 to 0.11 % (Table 3.9). According to 
Sedberry et al. (1987), the sufficient level of plant tissue K is 1.25%. The 
increase of plant tissue K appears to be in excess of the requirement for 
sufficient sugarcane growth. The fertilizer addition had no effect on plant tissue 
K (Table 3.10). The plant tissue K decreased from 1.83% in 1992 to 1.65% in 
1994.
The com post application significantly increased the plant tissue S (Table 
3.9). The fertilizer addition had not affect on plant tissue S (Table 3.10). The 
plant tissue S concentrations were slightly higher than the sufficient level of 
sugarcane (0.15%; Sedberry et al., 1987) (Table 3.10).
There were no significant differences between the com post rates for 
plant tissue Ca or Mg (Table 3.9). However, the fertilizer addition increased the 
plant tissue Ca and Mg (Table 3.10). Calcium was added with the P and S 
fertilizer. The concentrations of plant tissue Ca and Mg, in most cases, are 
slightly lower than the sufficient levels of 0.25% for Ca and 0.15% for Mg 
(Sedberry et al., 1987).
Plant tissue Mn decreased linearly as the com post rates increased in 
1993 and 1994, but not in 1992 (Fig. 3.3). Similar decreases of plant Mn 
following com post application have been reported in wheat (Sims, 1990) and 
soybean (Sims and Kline, 1991). The decreased concentrations of plant Mn
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were caused by the increased soil pH associated with com post application, 
which reduced the availability of Mn in the soils (Shuman and Anderson, 1978; 
Sims, 1986). The decrease of plant Mn would decrease the probability of Mn 
toxicity, but would not lead to Mn deficiency based on reported sufficient levels 
of plant Mn, 25 mg/kg, for sugarcane (Sedberry et al., 1987). Higher rates of 
com post application, however, may result in Mn deficiency. M anganese toxic 
level for sugarcane was not found in literatures, but for mid-tolerant crops, the 
toxic level of Mn is 400-1000 mg/kg within plant tissue (Kabata-Pendias and 
Pendias, 1992). The tissue Mn concentrations reported for this study were 
greater than the sufficient level, but much less than the reported toxic levels.
The com post application had no significant effect on plant tissue Fe, Zn, 
and Cu (Table 3.9). The concentrations of these metals for plant tissue as  a  
function of compost rate ranged from 43.6 to 47.3 mg/kg for Fe, 18.0 to 20.2 
mg/kg for Zn, and 5.01 to 5.34 mg/kg for Cu. The fertilizer addition increased 
plant tissue Cu, but not Fe and Zn (Table 3.10). The Cu increase may be a  
result of decreased soil pH following the fertilizer addition. In most cases, the 
concentrations of plant tissue Zn and Cu were lower than the sufficient levels 
(20 mg/kg for Zn and 6 mg/kg for Cu; Sedberry et al., 1987), while the 
concentrations of plant tissue Fe were higher than the sufficient level (20 
mg/kg; Sedberry et al., 1987).
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For plant tissue B, although there were significant differences between 
the com post rates, there was not a  trend to described the changes (Table 3.9). 
The plant tissue B, as  a  function of com post rate, ranged from 6.1 to 8.6 
mg/kg, which was higher than the sufficient level (5 mg/kg; Sedberry et al.,
1987). The fertilizer application had no effect on plant tissue B.
The concentrations of plant tissue Ni ranged from 0.33 to 0.82 mg/kg as 
a  function of com post rate (Table 3.9). This was in the normal range of plant 
tissue Ni (0.1 to 5 mg/kg; Kabata-Pendias and Pendias, 1992).
Other non-essential heavy metals (Cd, Pb, Co, As, and Cr) in plant tissue 
were not affected by the com post or fertilizer application. In m ost tissue 
samples, the concentrations of these heavy were below the ICP detection limits 
(Cd<0.03, Pb<0.43, Co<0.08, As<0.32, and Cr<0.04 mg/kg). The tolerable 
levels of these metals for agronomic crops are 3 mg/kg for Cd, 10 mg/kg for 
Pb, 5 mg/kg for Co, and 2 mg/kg Cr, and there is no tolerable level for As, but 
As toxic level for medium tolerant plant species is 5-20 mg/kg. (Kabata-Pendias 
and Pendias, 1992). Therefore, application of this com post up to 224 Mg/ha 
should not affect the plant growth.
3.3.2.2. Sugar Juice
The effects of com post and fertilizer rates on elemental concentrations 
of sugar juice are presented in Table 3.12 and 3.13, respectively. The effect of 
com post by fertilizer on sugar juice P, K, and S is presented in Table 3.14. The
Table 3.12. Effect of compost rate on elemental concentrations in sugar juice.
Compost P K S Ca Mg Mn Fe Zn Cu
Mg/ha --------------------------------------------------------- mg/kg----------------------------------------------------------------------
0 306af 2145a 346b 134ab 189ab 1.91a 8.49a 2.43ab 0.32a
44.8 310a 2328a 398a 135ab 190ab 1.25b 8.93a 2.47ab 0.33a
89.6 309a 2492a 422a 150a 205a 1.24b 13.60a 2.64a 0.37a
134.4 305a 2306a 399a 132ab 186ab 0.97b 8.98a 2.31 ab 0.35a
179.2 299a 2276a 420a 125b 179b 0.80b 9.41a 2.35ab 0.31a
224.0 287a 2405a 417a 135ab 191ab 0.85b 12.70a 2.17b 0.34a
P>F* 0.0003 0.0002
t  Numbers within a column with the same letter are not significantly different at the 0.05 probability level based on Duncan’s multiple range 
test. Values represent the averages as a function of compost rate across fertilizer rate and sampling time. 
tP > F  is probability calculated by analysis of variance, presented for significant variables only.
Table 3.13. Effect of fertilizer rate on nutrients in sugar juice.
Fertilizerf P K S Ca Mg Fe Mn Zn Cu
- my/Ky - —
0 348at 2343a 421a 121b 174b 9.19a 1.17a 2.91a 0.35a
1x 257b 2308a 379b 149a 206a 11.50a 1.17a 1.87b 0.35a
P>F§ 0.0001 0.0001 0.0001 0.0001 0.0001
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg ICp per hectare in 1992 and 179 kg N, 101 kg 
P20 5, 134 kg KjO, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer, 
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level based on 
Duncan’s multiple range test. Values represent the averages as a  function of fertilizer rate across compost rate and 
sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
Table 3.14. Effect of com post rate by fertilizer rate on sugar juice P, K, and S.
Compost rate P K S
° t 1x 0 1x 0 1x
Mg/ha
0 363 248 2233
- mg/Kg -
2058 385 308
44.8 366 253 2443 2214 414 381
89.6 356 261 2443 2541 433 412
134.4 352 258 2343 2268 420 377
179.2 326 271 2262 2291 433 407
224.0 324 250 2334 2476 445 389
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg KjO per hectare in 1992 and 179 kg N, 101 kg 
P20 5l 134 kg KjO, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
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sugar juice P (ranged from 287 to 310 mg/kg) and K (ranged from 2146 to 
2492 mg/kg) had no significant changes associated with the com post rates 
(Table 3.12). The fertilizer addition significantly decreased sugar juice P, but 
did not affect the sugar juice K (Table 3.13). The decreased sugar juice P may 
result from a  dilution effect since the sugar yields were higher for the fertilizer 
treatment than for the control.
The concentration of sugar juice S for the control (346 mg/kg) was 
significantly lower than those for all treatments with com post (ranging from 397 
to 422 mg/kg), which were not significantly different from each other. Howeyer, 
the fertilizer addition significantly decreased sugar juice S (Table 3.12). This 
may be also attributed to the dilution effect. In addition, this corresponds to the 
decrease of P, since S and P are essential constituents of protein and 
assimilated into organic structures in relatively fixed proportions, the decrease 
of one of the elements will lead to the decrease of the other element (Troeh 
and Thompson, 1993). No significant interactions between com post and 
fertilizer rates were found for the sugar juice P, K, and S (Table 3.14).
Sugar juice Ca and Mg did not significantly increased following the 
com post application (Table 3.12). But, the fertilizer addition increased Ca and 
Mg (Table 3.13).
The com post application had small effect on sugar juice Fe (from 8.49 
to 13.6 mg/kg), Zn (from 2.17 to 2.64 mg/kg), and Cu (from 0.31 to 0.37 mg/kg) 
(Table 3.12). But sugar juice Mn from the control treatment (1.90 mg/kg) was
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significantly higher than those from all com post treatments (ranged from 0.80 
to 1.25 mg/kg). This resulted from the increased soil pH due to the compost, 
which decreases the extractable soil Mn. The fertilizer addition significantly 
decreased sugar juice Zn, but did not change sugar juice Fe, Mn, and Cu 
(Table 3.13). The possible explanation for the decreased Zn is an antagonistic 
effect between Zn and Ca (Marschner, 1986). The concentrations of B and 
non-essential heavy metals in sugar juice were not affected by the com post or 
fertilizer application. In most cases, they were below the ICP detection limits 
(B<0.07, Cd<0.03, Pb<0.43, Co<0.08, As<0.32, and Cr<0.04 mg/kg).
3.3.2.3. Yield
The effects of com post rate, fertilizer rate, and sampling time on cane 
and sugar yields are presented in Table 3.15 and 3.16, respectively. Data in 
Fig 3.4 showed that the com post only increased cane and sugar yields for the 
control treatment each year, but not for the fertilizer treatment. Least squares 
tests (P<0.05) showed that the sugar yields for the 134.4 Mg/ha or above 
com post treatments without fertilizer were not significantly different from the 
correspondent com post treatments with fertilizer. These results indicate that
134.4 Mg/ha or higher compost application can replace the 1x rate of fertilizer 
addition. Also, the nutrients added from com post would be in excess of 
requirement for good crop growth if the 1x rate of fertilizer is applied.
The cane and sugar yields were significantly higher for the fertilizer 
treatments than for the control each year (Fig. 3.5). The cane and sugar yields
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Table 3.15. Effect of com post rate, fertilizer rate, and time on cane yield.
Compost rate
Of
1992
1x 0
1993
1x
1994
0 1x
0 59.2 75.6
Mg/ha -  
59.2 74.9 57.0 85.6
44.8 60.0 67.0 59.8 74.6 60.5 84.7
89.6 63.4 73.0 63.4 73.7 66.5 82.9
134.4 69.4 71.7 68.8 74.4 71.5 79.5
179.2 70.1 75.9 67.2 75.5 75.9 86.5
224.0 73.7 77.5 69.0 74.6 76.6 80.9
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg K fi per 
hectare in 1992 and 179 kg N, 101 kg P20 5, 134 kg KaO, and 27 kg S per 
hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
Table 3.16. Effect of com post rate x fertilizer rate x time on sugar yield.
Compost rate 1992 1993 1994
Of 1x 0 1x 0 1x
0 5.97 8.06 5.80 7.68 5.32 8.41
44.8 6.01 6.88 5.61 7.93 5.27 8.96
89.6 6.05 7.22 6.13 7.46 6.31 8.20
134.4 7.04 6.97 6.71 7.50 6.96 7.84
179.2 6.90 7.43 6.64 7.82 7.16 8.94
224.0 7.30 7.56 6.92 7.30 7.23 7.74
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg Kj,0 per 
hectare in 1992 and 179 kg N, 101 kg P2Os, 134 kg 1^,0, and 27 kg S per 
hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
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Figure 3.4. Effect of compost by fertilizer on (a) cane yield and (b) sugar yield. 
The F is fertilizer (see Table 2.2 for fertilizer rates). The ** is significant at 
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127
(0x:
o>
tj
0)
■>.
<Dc
CO
O
85
Without F 
With F
I — - s '
80
75
70
NS65
60
92 93 94
coJZ
O)
2
a>
■>»
i—
COO)3
w
9
8
7
NS
6
5
92 93 94
Year
Figure 3.5. Effect of fertilizer by time on (a) cane yield and (b) sugar 
yield . The F is fertilizer (see Table 2.2 for rates). The * and NS are 
significant and no siginificant at P<0.05, respectively. The vertical 
bars are standard error of the mean.
128
increased with time for the fertilizer treatment, but there were no significant 
changes for the control. This suggests that fertility of the soil is high and the 
soil can supply nutrients not only to plant cane but also to stubble cane. Also, 
the fertilizer addition had a  residual effect that increased yields with time.
S.3.2.4. Correlations between soil and plant for selected parameters
The com post application increased soil pH, total N, exchangeable K, and 
extractable P, Cu, and Zn, but decreased extractable Mn for the 0-15 cm depth 
(Table 3.17). The correlations between the elemental concentrations of the 
plant tissue (Table 3.9) and sugar juice (Table 3.12) and soil (Table 3.17) as  a  
function of com post rate showed that the plant tissue N linearly increased as 
the soil total N increased (Fig. 3.6). Also, plant tissue Mn was significantly 
correlated with the soil pH (Fig. 3.6). This supports the decrease of plant tissue 
Mn as a  result of increase of soil pH.
However, no correlations between plant tissue and sugar juice contents 
and soil contents were found for any other elements. This indicates that most 
of the increased elemental concentrations within the soils can not account for 
the amounts taken up by the sugarcane plant. The explanation for P may be 
that the soil extractable P concentration for the control was sufficient for plant 
growth and the increased P was in excess of the plant requirement. This is 
supported by Golden (1983), who reported that the effect of P fertilizer on 
sugarcane yield and P concentration in plant tissue was not significant in soils
Table 3.17. Effect of compost rate on selected soil parameters for the 0-15 cm depth.
Compost pH N P K Mn Zn Cu
Mn/hfl % ------ rng/ Kg —
0 6.03bf 0.15d 457d 151e 18.8a 1.54f 2.25e
44.8 6.52a 0.16d 464d 173ed 14.2b 3.73e 2.93d
89.6 6.50a 0.19c 539cd 195cd 13.2bc 5.17d 3.33d
134.4 6.75a 0.21 be 592bc 213bc 12.1cd 7.18c 4.10c
179.2 6.99a 0.22ab 636ab 230ab 11.1d 8.66b 4.61b
224.0 6.84a 0.24a 713a 252a 10.5d 10.50a 5.24a
P>F± 0.001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level based on 
Duncan’s  multiple range test. Values represent the averages as a  function of compost rate across fertilizer rate and 
sampling time. 
t  P>F is probability calculated by analysis of variance.
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Figure 3.6. The correlations between plant tissue (a) N and total 
soil N and (b) Mn and soil pH. The * and ** are significant at 
P<0.05 and P<0.01, respectively.
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with high available P (228 mg/kg). For Zn and Cu, it may be attributed to the 
treatments with different pH and organic matter contents associated with the 
com post application. The availability of elements from soils primarily depends 
on the ion activity of the elements in soil suspension. The activity of an ion in 
a  soil-water system can be  described by the equation from Baker and Low 
(1970):
A, = rA  (3.1)
where A, is the activity or effective concentration of ion i; r, is the activity 
coefficient for ion i in the system; and C, is the labile concentration of ion i. Soil 
pH and organic mater have a  substantial effect on r, for trace metals. Thus, soil 
test results, even for those that remove a  constant fraction of the labile form of 
the elements can not be expected to provide an accurate prediction of trace 
metal availability for soils which differ in pH and organic matter (Baker and 
Amacher, 1982). Thus, the DTPA method for extractable metals may not have 
a predictive ability for the sugarcane plant uptake of metals under the field 
conditions. Monitoring of soil solution ion activity or a  buffering index may 
improve predictions of plant uptake of metal ions (Minnich et al., 1987). 
Therefore, it is necessary to conduct further research to find suitable extractants 
or procedures which can predict the responses of sugarcane plants to the 
changes of metal concentrations in com post am ended soils.
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3.3.2.5. Comparison between the experiments on the Baldwin soil I and
Baldwin soil II
Different responses to com post application in sugarcane growth and 
yields between the Baldwin soils may be due to the application rates. Based 
on the initial soil analyses, the current fertility of the Baldwin soil I is lower than 
the Baldwin soil II. Thus, the rate of com post application for the Baldwin soil 
I needs to be higher than 134.4 Mg/ha to obtain the sam e level of sugarcane 
production as from the Baldwin soil II.
3.3.3. Memphis soil
3.3.3.1. Plant tissue
The effects of com post and fertilizer rates on elemental concentrations 
of plant tissue are presented in Table 3.18 and 3.19, respectively. The effect 
of the com post rate x fertilizer rate interaction on elemental concentrations of 
plant tissue is presented in Table 3.20. The com post application did not affect 
plant tissue N, which ranged from 1.29 to 1.31% (Table 3.18). But, fertilizer 
addition significantly increased plant tissue N (Table 3.19). Plant tissue N for 
the stubble cane did not significantly decrease. The average plant tissue N 
concentrations as a  function of fertilizer rate were 1.32% in 1992, 1.22% in 
1993, and 1.36% in 1994. In all cases, the plant N levels were lower than the 
sufficient level (1.5%; Sedberry et al., 1987). There was no significant 
interaction between com post rate and fertilizer rate for plant tissue N (Table 
3.20).
Table 3.18. Effect of compost rate on elemental concentrations in plant tissue.
Compost N P K S Ca Mg Mn Fe Zn Cu B Ni
- o/ ... ____
0 1.29a 0.22a 1.56c 0.13b 0.25a 0.13a 83.2a 38.9a 20.0a 5.00a 7.18a 0.21a
33.6 1.30a 0.22a 1.55c 0.13b 0.25a 0.13a 74.1 ab 41.7a 16.4b 4.85a 8.49a 0.30a
67.2 1.29a 0.22a 1.58bc 0.13b 0.25a 0.12a 75.4ab 38.4a 17.3ab 4.94a 8.64a 0.41a
100.8 1.31a 0.22a 1.62bc 0.14ab 0.24a 0.13a 73.8ab 45.1a 18.7ab 5.06a 9.66a 0.38a
134.4 1.30a 0.22a 1.75a 0.14ab 0.23a 0.13a 62.9b 41.0a 17.2ab 4.89a 6.73a 0.34a
168.0 1.29a 0.23a 1.71ab 0.15a 0.24a 0.14a 63.4b 40.9a 17.7ab 5.08a 9.95a 0.31a
P>F* 0.04 0.001 0.01
t  Numbers within a column with the same letter are not significantly different at the 0.05 probability level based on Duncan’s multiple range 
test. Values represent the averages as a function of compost rate across fertilizer rate and sampling time. 
t  P>F is probability calculated by analysis of variance, presented for significant variables only.
Table 3.19. Effect of fertilizer rate on nutrient concentrations in plant tissue.
Fertilizerf N P K S Ca Mg Mn Fe Zn Cu
.  % ----------
1.60a
1.66a
mg/kg —
69.9a
74.4a
0
1x
P>F§
1.27b*
1.32a
0.006
0.22a
0.22a
0.14a
0.14a
0.25a
0.24a
0.13a
0.13a
39.6a
42.4a
17.3a
18.4a
4.89a
5.04a
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5I and 134 kg fC.0 per hectare in 1992 and 179 kg N, 101 kg 
P20 5, 134 kg Ks.0, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer. 
$ Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level based on 
Duncan’s multiple range test. Values represent the averages as a  function of fertilizer rate across compost rate and 
sampling time.
§ P>F is probability calculated by analysis of variance, presented for significant variables only.
Table 3.20. Effect of com post rate by fertilizer rate on plant tissue N, P, K, and S.
Compost rate N P K S
o t 1x 0 1x 0 1x 0 1x
Mg/ha
0
©/ ___
1.26 1.32 0.22 0.22
/O ——
1.50 1.62 0.13 0.14
33.6 1.28 1.33 0.23 0.22 1.51 1.60 0.13 0.13
67.2 1.28 1.31 0.23 0.22 1.50 1.66 0.13 0.13
100.8 1.28 1.35 0.22 0.22 1.64 1.59 0.14 0.14
134.4 1.26 1.34 0.22 0.22 1.73 1.76 0.15 0.15
168.0 1.28 1.30 0.23 0.23 1.71 1.73 0.14 0.14
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5I and 134 kg I^O per hectare in 1992 and 179 kg N, 101 kg 
P20 5I 134 kg KjjO, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
136
The plant tissue P did not change following the com post (Table 3.18) or 
fertilizer (Table 3.19) addition. This result was expected since the extractable 
soil P (80 mg/kg) was within the high range for this soil (Peevy, 1972). The 
plant tissue P concentrations were higher than the reported sufficient level of 
plant tissue P (0.18%; Sedberry etal., 1987). No significant interaction between 
com post rate and fertilizer rate was noted for plant tissue P (Table 3.20).
The com post application linearly increased plant tissue K (Fig. 3.7). 
According to Sedberry et al. (1987), the sufficient level of plant tissue K is 
1.25%, thus the increases of plant tissue K appear to be in excess of the 
requirement for sufficient sugarcane growth. The fertilizer addition, however, 
had no effect on plant tissue K (Table 3.19). No significant changes with time 
were noted for plant tissue K (from 1.64% in 1992 to 1.66% in 1994).
Plant tissue S ranged from 0.13 to 0.15% as a function of com post rate 
(Table 3.18). There were no significant differences between fertilizer rates for 
plant tissue S (Table 3.19). These plant tissue S concentrations were close or 
equal to 0.15% of the sufficient level (Sedberry et al., 1987).
There were no significant differences between the com post rates for 
plant tissue Ca (from 0.23 to 0.25%) and Mg (from 0.13 to 0.14%) (Table 3.18). 
Also, no significant changes were observed between the fertilizer rates for plant 
tissue Ca and Mg (Table 3.19). The concentrations of plant tissue Ca and Mg 
were close or equal to the sufficient levels of 0.25% for Ca and 0.15% for Mg 
(Sedberry et al., 1987).
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Figure 3.7. Effect of compost rate on plant tissue (a) K and 
(b) Mn. The * and ** are significant at P<0.05 and P<0.01, 
respectively. The vertical bars are standard error of the 
mean.
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The decreased concentrations of plant Mn were noted following the 
com post application (Fig. 3.7). This may be due to increased pH following the 
com post addition. The com post application did not significantly change plant 
tissue Fe, Zn, and Cu (Table 3.18). The concentrations of plant tissue Zn and 
Cu were slightly lower than the sufficient level (20 mg/kg for Zn and 6 mg/kg 
for Cu; Sedberry et al., 1987). But, the Fe concentrations of the plant tissue 
were higher than the sufficient level (20 mg/kg; Sedberry et al., 1987). The 
fertilizer application did not significantly affect plant tissue Cu, Fe, and Zn 
(Table 3.19).
The com post and fertilizer application had no effect on plant tissue B, 
which ranged from 6.7 to 10.5 mg/kg (Table 3.18). These values were higher 
than the sufficient level (5 mg/kg; Sedberry et al., 1987). Plant tissue Ni ranged 
from 0.21 to 0.41 mg/kg as a  function of com post rate (Table 3.18). These 
were all in the normal range of plant tissue Ni (0.1 to 5 mg/kg; Kabata-Pendias 
and Pendias, 1992).
Other non-essential heavy metals (Cd, Pb, Co, As, Cr) in plant tissue 
were not affected by com post or fertilizer application. For most tissue samples, 
the concentrations of these heavy were below the ICP detection limits 
(Cd<0.03, Pb<0.43, Co<0.08, As<0.32, and Cr<0.04 mg/kg). The tolerance 
levels of these metals for agronomic crops are 3 mg/kg for Cd, 10 mg/kg for 
Pb, 5 mg/kg for Co, and 2 mg/kg for Cr. There is no tolerable level for As, but
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the toxic level of As for medium tolerant plant species is 5-20 mg/kg (Kabata- 
Pendias and Pendias, 1992). Therefore, sugarcane growth should not be 
affected by heavy metal added from com post application.
3.3.3.2. Sugar juice
The effects of com post and fertilizer rates on elemental concentrations 
are presented in Table 3.21 and 3.22, respectively. The effect of com post rate 
by fertilizer rate is presented in Table 3.23. The com post application increased 
the sugar juice P concentrations from 209 for the control to 247 mg/kg for the 
168 Mg/ha com post treatment (Table 3.21). But the fertilizer addition had a 
negative effect on sugar juice P (Table 3.22). This may result from a  dilution 
effect since sugar yields were higher for the fertilizer treatment than for the 
control. No significant interaction between com post and fertilizer rates was 
noted for sugar juice P (Table 3.23).
The sugar juice K concentrations increased as  the com post rates 
increased (Fig. 3.8). But, the fertilizer application did not significantly affect 
sugar juice K (Table 3.22).
Although there were significant differences between the com post rates 
for plant tissue S, there was not a  pattern (Table 3.21). The plant tissue S 
concentrations ranged from 191 to 266 mg/kg as a  function of com post rate. 
The fertilizer addition had no effect on plant tissue S (Table 3.23).
Table 3.21. Effect of com post rate on elemental concentrations in sugar juice.
Compost P K S Ca Mg Mn Fe Zn Cu
Mn/hfl my/ivy
0 209b 1556c 192b 197a 214a 6.99a 12.00a 2.46a 0.42ab
33.6 230ab 1616bc 191b 189ab 217a 6.15ab 9.70a 1.78ab 0.37ab
67.2 235a 1561c 195b 189ab 216a 5.96b 9.02a 1.81ab 0.47a
100.8 227ab 1781abc 232ab 177abc 217a 5.60bc 8.97a 2.24ab 0.36ab
134.4 235a 2176a 266a 157c 198a 5.00c 9.32a 2.33ab 0.34b
168.0 247a 1985ab 225b 166bc 208a 4.78c 8.73a 1.65b 0.33b
P>F± 0.03 0.01 0.002 0.009 0.0004 0.13 0.11
t  Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level based on 
Duncan’s  multiple range test. Values represent the averages as  a  function of com post rate across fertilizer rate and 
sampling time.
t  P>F is probability calculated by analysis of variance, presented for significant variables only.
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Table 3.22. Effect of fertilizer rate on nutrients in sugar juice.
Fertilizert P K S Ca Mg Fe Mn Zn Cu B
0 249a* 1764a 216a 174a
—  mg/kg 
206a 9.57a 5.44b 2.05a 0.40a 0.20a
1x 213b 1795a 218a 184a 217a 9.69a 6.06a 2.03a 0.36a 0.23a
P>F§ 0.0001 0.02
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg KjO per hectare in 1992 and 179 kg N, 101 kg 
P20 5, 134 kg KgO, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer. 
$ Numbers within a  column with the sam e letter are not significantly different at the 0.05 probability level based on 
Duncan's multiple range test. Values represent the averages as a  function of fertilizer rate across compost rate and 
sampling time.
t  P>F is probability calculated by analysis of variance, presented for significant variables only.
Table 3.23. Effect of com post rate by fertilizer rate on sugar juice P, K, and S.
Compost rate P K S
Of 1x 0 1x 0 1x
Mg/ha
0 227 192 1585
- rng/i\y -
1526 179 206
33.6 253 207 1494 1738 189 192
67.2 264 206 1557 1565 193 196
100.8 236 219 1831 1731 239 226
134.4 256 214 2113 2240 265 267
168.0 255 240 2003 1968 229 222
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg K^O per hectare in 1992 and 179 kg N, 101 kg 
P20 51 134 kg KjO, and 27 kg S per hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
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A significant interaction between the com post rate and time showed that 
the com post decreased the sugar juice Ca in 1992, but not in 1993 and 1994 
(Fig. 3.8). The decrease of Ca may be caused by an antagonistic action 
promoted by the increasing K absorption. Also, a  significant interaction 
between fertilizer rate and time showed that the fertilizer increased sugar Ca 
from 207 to 232 mg/kg in 1993 and 143 to 161 mg/kg in 1994, but not in 1992 
(from 171 to 160 mg/kg). A significant decrease of sugar juice Mg was found 
in 1992, but not in 1993 and 1994 (Fig. 3.8). This may be attributed to an 
antagonistic action between the absorption of Mg and K. In addition, 
significant increases of sugar juice Mn were found in 1993 (from 232 to 249 
mg/kg) and 1994 (from 173 to 192 mg/kg), but not in 1992 (from 171 to 160) 
due to the fertilizer addition.
There were no trends to describe the changes of sugar juice Fe, Zn, and 
Cu as  a  function.of compost rate (Table 3.21). The values of these metals 
ranged from 8.73 to 12.0 mg/kg for Fe, 1.65 to 2.46 mg/kg for Zn, and 0.33 to 
0.47 mg/kg for Cu. However, the compost application significantly decreased 
sugar juice Mn (Fig. 3.9). Also, a  significant increase of sugar juice Mn was 
noted for the fertilizer treatment (Table 3.22). This is due to the decrease of pH 
following the fertilizer addition. The Fe, Cu, and B concentrations had no 
significant changes following the fertilizer addition.
The concentrations of non-essential heavy metals in sugar juice were not 
affected by com post or fertilizer application. In most cases, they were below
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the ICP detection limits (CdcO.03, Pb<0.43, Co<0.08, As<0.32, and Cr<0.04 
mg/kg).
3.3.3.3. Yield
The effects of com post rate, fertilizer rate, and time on cane and sugar 
yields are presented in Table 3.24 and 3.25, respectively. The com post 
application did not affect average cane yields (from 65.6 to 69.2 Mg/ha) and 
sugar yields (from 6.78 to 7.20 Mg/ha) across fertilizer rate and sampling time. 
However, the fertilizer significantly increased the average cane yield from 66.1 
to 68.5 Mg/ha and sugar yield from 6.78 to 7.01 Mg/ha across com post rate 
and sampling time. The average cane (76.6 Mg/ha) and sugar (7.44 Mg/ha) 
yields were significant higher in 1994 than in 1992 (64.7 Mg/ha for cane yield 
and 6.52 Mg/ha sugar yield) and 1993 (60.5 Mg/ha for cane yield and 6.72 
Mg/ha for sugar yield) across com post and fertilizer rates.
5.3.3.4. Correlations betw een soil and  plant for se lec ted  param eters 
The soil pH, total N, exchangeable K, and extractable P and Cu
increased, while extractable Mn decreased as the com post rates increased 
(Table 3,26). The correlations between the average elemental concentrations 
for plant tissue (Table 3.18) and sugar juice (Table 3.21) and the soil (Table 
3.26) as a  function of com post rate showed that the plant tissue and sugar 
juice K increased as  soil exchangeable K increased (Fig. 3.9). Also, the sugar
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Table 3.24. Effects of com post rate, fertilizer rate, and time on cane yield.
Compost rate 1992 1993 1994
0 1x 0 1x 0 1x
■ Mg/ha 
57.60 60.3 62.5 61.8 73.0 78.4
33.6 64.7 69.2 60.9 57.3 72.8 77.7
67.2 59.8 65.0 58.9 60.7 73.9 81.1
100.8 68.8 68.1 58.9 63.8 73.5 81.5
134.4 63.4 65.6 62.0 59.1 82.7 74.6
168.0 66.1 64.7 60.7 63.4 70.8 78.0
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg KjO per 
hectare in 1992 and 179 kg N, 101 kg P20 5, 134 kg K^O, and 27 kg S per 
hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
Table 3.25. Effects of com post rate, fertilizer rate, and time on sugar yield.
Compost rate 1992 1993 1994
0 1x 0 1x 0 1x
■ Mg/ha 
6.420 6.31 6.55 6.98 6.99 7.49
33.6 6.41 6.94 6.79 6.37 7.35 7.44
67.2 6.05 6.44 6.66 6.76 7.24 7.96
100.8 6.93 7.16 6.79 7.09 7.31 7.89
134.4 6.31 6.51 6.77 6.45 8.07 7.06
168.0 6.33 6.33 6.46 7.11 6.88 7.54
t  Fertilizer rates were based on 179 kg N, 101 kg P20 5, and 134 kg Kj,0 per 
hectare in 1992 and 179 kg N, 101 kg P20 5, 134 kg Kj.0, and 27 kg S per 
hectare in 1993 and 1994 at the 1.0x rate; the 0 rate did not receive fertilizer.
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Table 3.26. Effect of compost rate on selected soil parameters for the 0-15
cm depth.
Compost pH N+ P K Mn Cu
Mg/ha
0 6.40ct
%
0.09c 101d
------mg/kg -
85b 44.9a 2.25e
33.6 6.54bc 0.1 Obc 137cd 99b 37.4b 2.93d
67.2 6.76ab 0.1 Obc 173c 101b 37.0b 3.33d
100.8 6.79ab 0.12ab 257b 141a 38.7bd 4.10c
134.4 6.81ab 0.12ab 318a 166a 34.8b 4.61b
168.0 7.04a 0.13a 322a ' 147a 32.3b 5.24a
P>F6 0.0007 0.002 0.0001 0.0001 0.009 0.0001
t  Nitrogen is total N; P, Mn, and Cu are extractable form; and K is
exchangeable form.
$ Numbers within a  column with the sam e letter are not significantly different 
at the 0.05 probability level based on Duncan’s multiple range test.
§ P>F  is probability calculated by analysis of variance.
juice Mn significantly correlated with soil pH (Fig. 3.10), which supports the 
decreases of sugar juice Mn as a  result of increase of soil pH. No correlations 
between plant tissue and sugar juice contents and soil contents were found for 
any other elements. These results indicate that most of the increased 
elemental concentrations for the soil did not reflect the amounts taken up by 
the sugarcane plant. The explanation for P may be that the extractable soil P 
for the control was enough for plant growth and the increased P was in excess 
of plant requirement. Similar to the Baldwin soil II, for Cu, it may be attributed 
to the treatments with different pH and organic matter contents resulting from 
the com post application.
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3.S.3.5. Comparison between the experiments on the Baldwin soil II and 
Memphis soil
The application of com post linearly increased cane and sugar cane 
yields for the Baldwin soil II (Fig. 3.4 and 3.5), but not for the Memphis soil 
(Table 3.22 and 3.23). This result may indicate that the sugarcane production 
mainly affect by soil type and application method rather than com post rate. 
The increased organic matter following the com post application for the Baldwin 
soil II would greatly improve drainage and aeration and reduce the loss of N 
by denitrification. This may be the most important reason for the increased 
yields in the Baldwin soil II. For the Memphis soil, the effect of increased 
organic matter on drainage and aeration would be less than for the Baldwin soil 
II since the Memphis soil has less clay content than the Baldwin soil II (Table 
2.5 and 2.6). Also, the com post application method for the Memphis soil may 
result in more soluble N runoff than that for the Baldwin soil II. Specific effects 
of soil type and com post application method on sugarcane yield need to be 
determined by further studies.
3.4. Summary and Conclusions
3.4.1. Baldwin soil I
The compost application did not affect the elemental concentrations in 
plant tissue except Cu, which increased for the 11.2 Mg/ha com post treatment. 
But the increased level was much lower than the toxic level. The fertilizer 
addition significantly increased plant tissue N, K, Ca, and Mg, but had no effect 
on P and S. The increased plant tissue N concentrations were still lower than
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the sufficient level, but increased plant tissue K appears to be in excess of 
requirement for good plant growth. The plant tissue P concentrations were 
higher than the sufficient level. The concentrations of plant tissue S were close 
to the sufficient level.
The com post application increased sugar juice Mg, but had no effect on 
any other elemental concentrations. This result indicates that the com post 
application would not affect sugar juice quality. The fertilizer application 
decreased sugar juice P, S, and Zn, but it increased Ca and Mg.
There was an increasing trend for the yields following the com post 
application although the increases were not significant at P<0.05 level. The 
fertilizer addition increased cane and sugar yields. The fertilizer effect was 
greater for stubble cane than for plant cane. Analyses of correlations between 
yield and elemental concentration in plant tissue showed that the N was the 
only element that significantly related to the yields.
Based on these results, it is necessary to conduct further research using 
higher com post application rates to determine optimum application rate. For 
fertilizer application, higher N and lower K and P rates are recommended. This 
would reduce the cost of P and K fertilizer and avoid potential problems from 
P as  a  result of runoff of the excessive nutrient and contamination of surface 
water. Maintaining the current fertilizer rate would provide enough S for 
sufficient plant growth.
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3.4.2. Baldwin soil li
The application of com post increased plant tissue N and K, but 
decreased plant Mn, and had no effect on other elemental concentrations in 
plant tissue. The fertilizer addition significantly increased plant tissue N, Ca, 
Mg, Mn, and Cu, but decreased P, and had no effect on S, Fe, and Zn. The 
increased plant tissue K concentrations were in excess of the requirement for 
sugarcane growth. The increased plant tissue N concentrations were lower 
than the sufficient level. Despite plant tissue P decreased, it was higher than 
the sufficient level. The plant tissue S was close the sufficient level.
The sugar juice S increased, but Mn decreased following the com post 
application. The fertilizer application decreased sugar juice P and S, but 
increased Ca and Mg.
The com post application increased cane and sugar yields for the no 
fertilizer treatment, but not for the fertilizer treatment. The cane and sugar 
yields for the 134.4 Mg/ha or above com post treatments without fertilizer were 
not significantly different from the correspondent com post treatments with 
fertilizer.
Soil analyses showed that application of com post increased soil pH, 
organic C, total N, exchangeable K, and extractable P, Cu, Zn, Pb, and Cd, but 
decreased soil extractable Mn. The plant tissue N significantly correlated with 
soil total N. Also, a  significant correlation between plant tissue Mn and soil Mn 
was noted.
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These results suggest that N is a  limiting factor for plant growth and 
yields. Under the current fertility status of the soil, 134.4 Mg/ha com post would 
result in the sam e sugar production as  the 1x rate fertilizer (179 kg N, 101 kg 
P20 5, 134 kg Kj.0, and 27 kg S per hectare). The economic difference will be 
between the one time application of compost versus multiple fertilizer additions. 
Additionally, because of the high P and K in plant tissue, less K and P fertilizer 
are recommended. This will reduce the cost of fertilizer and avoid potential 
problems from P as  a  result of runoff of this excessive nutrient and 
contamination of surface water. For S fertilizer, the current rate is adequate for 
sugarcane growth.
The results also indicate compost application can increase soil organic 
matter, which should improve infiltration and aeration and reduce N losses as 
a  result of denitrification in poorly drained soils. Additionally, com post can be 
beneficial to plant growth by adding highly available K when soil K is low. Also, 
it is possible for com post application to increase plant P if the P level is low.
The analyses of heavy metals suggest that com post application would 
not lead to the accumulation of heavy metals within plant tissue and sugar 
juice. Although som e soil heavy metal concentrations increased as  the 
com post rates increased, their bioavailability was very low.
The predictive ability of DTPA-extractable trace metals in response of 
plant uptake is poor due to the effects of pH and organic matter. Therefore,
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it is necessary to find a  more suitable method to determine a  plant available 
trace metal index for com post amended soils or recalibrate the DTPA method.
3.4.3. M emphis soil
The application of com post increased plant tissue K, but decreased plant 
Mn, and had no effect on other elemental concentrations in plant tissue. The 
increased plant tissue K were excessive of that required K for sugarcane 
growth. The fertilizer addition significantly increased plant tissue N, but did not 
change the concentrations of other elements. The increased plant tissue N 
concentrations were still lower than the sufficient level.
For sugar juice, the com post application increased K, but it decreased 
Ca, Mg, and Mn. The fertilizer application decreased sugar juice P.
The com post application did not increase cane and sugar yields. But, 
the fertilizer addition increased cane and sugar yields.
Soil analyses showed that the compost application increased soil pH, 
organic C, total N, exchangeable K, and extractable P and Cu, but decreased 
extractable Mn. The plant tissue K significantly correlated with extractable soil 
K. Also, a  significant correlation was noted between soil pH and sugar juice 
Mn.
Based on these results, under current management practice in this field, 
com post application is not recommended for this soil. However, compost 
application can be beneficial to plant growth by adding highly available K when 
soil K is low. Also, it is possible for compost application to increase plant P if
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the P level is low. Because of high plant tissue P and K, less K and P fertilizer 
are recommended. This would reduce the cost of fertilizer and avoid potential 
problems from P as  a  result of runoff of this excessive nutrient and 
contamination of surface water.
The analyses of heavy metals suggest that com post application would 
not lead to an accumulation of heavy metals within plant tissue and sugar juice. 
Although soil Cu increased a s  the com post rates increased, its bioavailability 
was very low.
CHAPTER 4
LEACHABILITY OF ELEMENTS AND ACCUMULATION OF HEAVY 
METALS IN COMPOSTED MUNICIPAL WASTE AMENDED SOILS
4.1. Introduction
A major limitation to land application of sew age sludge, solid waste, and 
their com posts has been related to leaching of nutrients and heavy metals. 
This may result in ground water contamination and accumulation of heavy 
metals in soils (Chaney, 1973; Bockheim et al., 1988; Sawhney, 1994). Most 
leaching studies of nutrients have dealt with N03-N leaching in soils from 
sew age sludge additions (Brockway and Urie, 1983; Bockheim et al., 1988). 
Few studies have examined the effect of solid waste com post or municipal 
waste com post (including solid waste and sewage sludge) on the leaching of 
N 03-N. Dyer and Razvi (1987) conducted a  leaching experiment with plant 
growth columns containing varying proportions of solid waste compost. They 
found the N03-N concentrations of leachate for the 25% com post treatment 
were significantly higher than drinking water standards (10 mg/L; USEPA, 1994) 
for the first 75 cm of water applied. De Haan (1986) applied municipal waste 
com post to a sandy soil and a  clay soil and reported that the mean mineral N 
concentrations in the drainage water ranged from 20 to 60 mg/L.
Compared to N03-N, relatively little information about leaching of other 
nutrients and ions is available. Among the few studies, De Haan (1986) 
reported that the application of liquid sewage sludge at 22.5 Mg/ha to a  light 
sandy soil did not significantly increase the amount of P in the drainage water.
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However, the addition of air-dried sewage sludge in a  9:1 soil/sludge volume 
ratio to a  light sandy and a  heavy clay soil increased the mean P concentration 
of the drainage water from 0.42 to 0.74 mg P2OJL for the sandy soil and from 
0.58 to 3.07 mg P2OJL for the clay soil. Furrer and Stauffer (1986) and Kofoed 
and Klausen (1986) showed that the application of sew age sludge had no 
influence on the leachate P concentrations. Tabatabai and Chae (1991) 
investigated the rates of S mineralization and immobilization in soils treated with 
various organic matter materials using soil columns. They found that the rate 
of S 0 42- release was rapid initially, then followed by a  slow linear release. 
Furrer and Stauffer (1986) showed that the leaching of Cl was dependent on 
the amount of Cl in the sludge since the soils had a  very low Cl binding 
capacity.
Only a  few experiments on the direct leaching of heavy metals from 
municipal wastes or waste amended soils have been conducted. Emmerich et 
al. (1982) mixed sewage sludge into the top 15 cm of soil columns, which were 
leached with water for 25 mo. They found that essentially all the metals 
remained in the waste-soil layer. Bugbee et al. (1991) observed that leachates 
from plant growth soil mixed with sewage sludge contained extremely small 
concentrations of heavy metals. Sawhney et al. (1994) investigated the 
leaching of heavy metals in a  plant growth soil with municipal solid waste 
com post addition. They analyzed leachates at 2-wk intervals and found that 
the leaching of metals occurred at relatively high concentrations initially,
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followed by continued leaching at low concentrations. In all cases, the 
concentrations of Cd, Cr, Cu, Ni, Pb, and Zn in the leachates remained below 
drinking water standards.
Studies have shown the accumulation of heavy metals, usually in the top 
soil layers, following com post application (Wiliams et al., 1980; Hue et al., 1988; 
Giusquiani et al., 1995). The potential hazards of heavy metals tend to 
decrease with time (Leeper, 1972), because time allows metal ions to diffuse 
to the strongest sorptive sites. Time also leads to the aging of soil solids with 
smaller and more reactive phases redissolving to form larger and less reactive 
phases (Bohn et al., 1985).
A study was initiated to evaluate potential ground water contamination 
and heavy metal accumulation for four selected soils amended with com posted 
municipal waste. The objectives were to determine: 1) the leaching potential 
of nutrients, heavy metals, and other ions; and 2) the accumulation of heavy 
metals within the soils.
4.2. Materials and Method
4.2.1. Soil, compost, and experiment design
Four soils, a  Baldwin silty clay loam (fine, montmorillonitic, thermic, 
Vertic Ochraqualf), a  Commerce silt loam (fine-silty, mixed, nonacid, thermic, 
Aerie Fluvaquent), a  Memphis silt loam (fine-silty, mixed, thermic, Typic 
Hapludalf), and a  Sharkey silty clay loam (very fine, montmorillonitic, nonacid, 
thermic, Vertic Haplaquept), were selected for this study. Samples from the
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surface horizon (0-15 cm) of each soil were collected, air-dried, and ground to 
pass a  2-mm sieve. Compost was donated by Bedminster Bioconversion 
Corporation, which uses a  "three day turning drum process" that combines 2 
parts solid waste and 1 part sewage sludge. Four equivalent rates of com post 
were added (0, 56, 112, and 224 Mg/ha). The experimental design was a  
complete randomized block with three replications for two main factors, 
com post rate and soil, and a  split plot for sampling time.
4.2.2. Soil columns
The com post was mixed with the soils corresponding to the four 
com post rates. The soil-compost mixture was packed into 336 polyvinyl 
chloride (PVC) columns (7.5 cm diameter) with a  3 cm gravel layer at bottom 
to obtain a  15 cm layer. The amount of the soils in each column was 1.65 kg. 
The amount of the compost was 11 g for the 56 Mg/ha com post treatment, 22 
g for the 112 Mg/ha com post treatment, and 44 g for the 224 Mg/ha compost 
treatment. Forty-eight of the soil columns were capped at the bottom and a 
drain hole was drilled to collect the leachate. These soil columns were placed 
on capped plastic bottles with an open hole in the caps. Plastic tubing was 
used to connected the drain hole in the columns with the open hole in the caps 
of the bottles. All soil columns were placed in a  greenhouse. Irrigation started 
on April 3,1993. The total amount of added distilled water for the columns with 
the Commerce and Memphis soils was 650 mL and for the columns with the
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Baldwin and Sharkey soils was 750 mL during the first 0.5 month. For all soil 
columns, the total amount of added distilled water was 300 mL during the 0.5 
to 1 month, 600 mL during the 1 to 2 months, and 600 mL during the 2 to 3 
months. The irrigations were repeated every 2 d during the first three months. 
Cumulative leachates during the first 0.5 month, 0.5 to 1 month, 1 to 2 months, 
and 2 to 3 months were collected. After the first three months, the distilled 
water was added to maintain the soil moisture and the amount of water added 
was determined by weighing the columns to estimate evaporation and leaching 
losses. The irrigations were repeated every 7 d during the last 9 months. The 
soil columns were collected at 0.5, 1, 2, 3, 6, 9, and 12 months for soil 
analyses.
4.2.3. Chemical analysis
The leachates were filtered through Whatman no. 42 filter paper. The 
concentrations of N 03-N, S 0 4-S, and Cl in the leachate were analyzed using an 
ion chromatograph (IC) and all other elemental concentrations using an 
inductively coupled plasma (ICP) spectrometry. Soil samples were air-dried 
and ground to pass a  2-mm sieve. The initial soil sam ples were analyzed for 
pHH20 (soil'.water 1:2), extractable P (Bray and Kurtz, 1945), NH4OAc 
exchangeable bases (Thomas, 1984), DTPA extractable heavy metals (Lindsay 
and Norvell, 1978), total S (Issac and Johnson, 1975), particle size distribution 
(Gee and Bauder, 1986), and water soluble cations and anions (USDA, 1954)
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(Table 4.1). Effective cation exchangeable capacity (ECEC) was calculated as 
the sum of the exchangeable bases (Thomas, 1982). The com post was 
analyzed for the sam e parameters as  the soils, plus total elemental analyses 
(Issac and Johnson, 1975) (USDA, 1954) (refer to Table 2.7). The soil 
sam ples from the collected columns were analyzed for DTPA extractable heavy 
metals (Lindsay and Norvell, 1978). The concentrations of the anions for the 
soil and com post sam ples were analyzed using the IC and all other elemental 
concentrations using the ICP except for organic C and total N, which were 
analyzed using C/N analyzer (CHN-O-RAPID, HERAEUS).
4.2.4. Statistical analysis
Data were analyzed by analysis of variance as a  complete randomized 
block design with two main factors, com post rate and soil, and a  split plot, 
sampling time, using SAS (SAS, 1985). The model for this analysis of variance 
can be described by:
Y = jU + B + C + S + C*S + B*C*S + T + C*T + S*T 
+ C*S*T + B*C*S*T 
where /u is grand mean, B is block, C is com post rate, S is soil type, and T is 
sampling time. The C, S, and C*S were tested using B*C*S as  a  error term 
and T, C*T, S*T, and C*S*T were tested using B*C*S*T as  a  error term. If 
significant differences were found for the main effects, Duncan’s multiple range 
tests were used for pairwise comparisons. If interactions were found to be
Table 4.1. Selected chemical and physical properties of the soils in the 0-15 cm depth (to be continued).
Property Baldwin Commerce Memphis Sharkey
pH 6.9 6.7 7.0 6.2
Organic C (%) 1.36 1.23 0.88 1.16
Total N (%) 0.14 0.12 0.10 0.13
Total S (mg/kg) 540 432 2 77 388
ECEC (cmol/kg) 23.3 11.7 7.32 22.8
Clay (%) 35 14 14 37
Silt (%) 61 65 82 46
Sand (%) 4 21 4 17
N03-(mg/kg) 1.09 15.6 1.50 1.12
S 0 42- (mg/kg) 17.4 22.1 17.5 14.5
Cl' (mg/kg) 14.3 11.5 13.8 10.1
Table 4.1. Continued.
Property Baldwin Commerce Memphis Sharkey
Ex.f WS* Ex. WS Ex. 
-------- m g/kg--------
WS Ex. WS
K 231 29.4 212 36.9 73.7 16.8 232 37.2
Na 27.2 19.6 13.3 12.0 6.43 6.22 12.7 10.7
Mg 570 13.7 302 8.32 62.0 5.13 686 21.1
Ca 3570 28.0 1715 20.7 1317 27.6 3287 24.2
P 350 7.11 547 6.37 34.2 1.12 255 3.80
Fe 62.2 36.6 62.5 13.3 9.53 5.31 65.9 33.3
Cu 1.41 0.25 1.70 0.14 0.50 0.06 2.53 0.14
Mn 9.45 0.32 28.7 0.64 15.0 0.82 26.0 0.94
Zn 1.47 0.19 4.13 0.12 0.28 0.07 1.52 0.23
Ni 0.77 0.11 1.67 0.10 0.17 < 0.10 1.90 0.11
Cd 0.05 <0.03 0.14 <0.03 0.03 <0.03 0.10 <0.03
Co 0.07 <0.08 0.10 <0.08 0.05 <0.08 0.14 <0.08
Pb 2.07 <0.43 2.17 <0.43 1.06 <0.43 1.35 <0.43
Cr <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
As <0.32 <0.32 <0.32 <0.32 <0.32 <0.32 <0.32 <0.32
t  Ex. = NH4OAc exchangeable (K, Na, Mg, and Ca) and DTPA extractable (all others). 
t  WS = Water soluble.
164
significant, least squares m eans tests were conducted for pairwise 
comparisons.
4.3. Results and Discussion
4.3.1. Leaching of N03-N, S 0 4-S, and Cl'
The cumulative N03-N concentrations in the leachates collected during 
the first 0.5 month increased about 3 times in the treatments with the 224 
Mg/ha com post compared to the control for all the soils (Fig. 4.1 and Table 
4.2). The highest N 03-N concentrations were 274 mg/L for the Commerce soil, 
222 mg/L for the Baldwin soil, 147 mg/L for the Memphis soil, and 133 mg/L 
for the Sharkey soil. However, the N03-N concentrations in the leachates 
collected at 1, 2, and 3 months had no changes as a  function of com post rate 
and, in most cases, they were below 10 mg/L, the primary drinking water 
standard for N 03-N (USEPA, 1994). Similar high N03-N concentrations in 
leachates were also observed by Sidle and Kardos (1979). They added 
anaerobically digested liquid sludge to a  mixed hardwood forest and reported 
that the N 03-N concentrations from percolate sam ples at 15 cm reached a  
maximum of 290 mg/L for the 27.0 Mg/ha rate and 194 mg/L for the 13.5 Mg/ha 
rate.
Maximum N 03-N in the groundwater was regressed against the amount 
of N applied in sludge using a  second-order polynomial equation by Bockheim 
et al. (1988). They predicted that 800 kg/ha N in dry sludge could be applied
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Figure 4.1. Effect of compost rate, sampling time, and soil on N 03-N. 
The 0, 56, 112, and 224 are Mg/ha compost rates. Standard error of 
the mean for the points at 0.5 month ranged from 11.2 to 48.5 mg/L.
Table 4.2. The effect of compost rate and soil on N03-N, S 0 4-S, and Cl concentrations in leachates collected at 0.5
month.
compost
rate
no3-N so 4-s Cl
Bt C M S B C M S B C M S
Mg/ha ........ ■ny/u.................
0 70.1 b t 96.3c 41.1c 36.4ab 31.8c 40.6c 29.4d 47.2d 32.8c 36.5c 51.8d 30.5d
56 113.0b 158.0b 91.3b 104.0ab 70.1 be 142.0b 73.9c 137.0c 224.0b 319.0b 265.0c 537.0c
112 92.4b 151.0b 96.5b 73.0abc 102.0b 166.0b 167.0b 358.0b 276.0b 360.0b 397.0b 896.0b
224 222.0a 274.0a 147.0a 133.0a 343.0a 522.0a 261.0a 507.0a 841.0a 935.0a 581.0a 1152.0a
t  B, C, M, and S are the Baldwin, Commerce, Memphis, and Sharkey soils, respectively.
$ Numbers within a column with same letter are not significantly different at the P<0.05 based on least squares means test.
167
without exceeding the 10 mg/L drinking water standard for ground water (>5.2 
m water table). In our study, 800 kg/ha N corresponded to 72.7 Mg/ha 
compost. Since the N03-N concentrations for the 56 Mg/ha com post rate were 
not significantly different from the 112 Mg/ha com post rate (1232 kg/ha N) for 
all the soils (Fig. 4.1 and Table 4.2), the N03-N concentrations in the leachate 
for the 72.7 Mg/ha com post rate should not significantly different from the 112 
Mg/ha com post rate. Thus, up to 112 Mg/ha com post application to the soils 
should not contaminate the ground water based on our study and Bockheim 
et al. (1988) results. Additionally, the recommendation by Bockheim et al. 
(1988) was based on N 03-N leaching experiments in forest soils and N 03-N 
values from the surface of the ground water table. Forest soils are usually 
endowed with macropores such as decayed root channels, macro-invertebrate 
passageways, and small animal burrows, which are important for water and 
solutes through the soil profile (Sidle and Kardos, 1979). Agricultural soils have 
less macropores than forest soils and, thus, leachate is less likely or slower to 
reach the ground water. Also, soil water N 03-N may be reduced by 
denitrification or diluted in the saturated zone (Brochmay and Urie, 1983; 
Bockheim et al., 1988). Therefore, our recommendation of 112 Mg/ha or less 
should be save with regard to ground water contamination with N03-N. Higher 
com post rates may contaminate ground water in soils with shallow water table 
during the first rainfall after the compost application. This would be a  greater 
potential in the soils without growing plants to take up the N.
Data in Fig. 4.2 and Table 4.2 show that the S 0 4-S concentrations for the 
leachates of all the soils significantly increased as  the com post rates increased 
at 0.5 month, which was probably due to the low C/S ratio (103) of the 
compost. This is supported by Barrow (1960) and Tabatabai and Chae (1991), 
who demonstrated that S 0 4-S was released from organic materials when the 
C/S ratio was <200 and was immobilized when the ratio was >400. The S 0 4-S 
concentrations decreased rapidly during the first month, then decreased slowly 
during the next tow months (Fig. 4.2). The S 0 4-S levels in the leachates during 
the first 0.5 month were higher than the secondary drinking water standard (250 
mg/L; USEPA, 1994) for the 224 Mg/ha com post treatment of the Baldwin, 
Commence, and Memphis soils, and the 112 and 224 Mg/ha compost 
treatments of the Sharkey soil. These increased S 0 4-S concentrations suggest 
that S 0 4-S may contaminate shallow ground water shortly after high rates of 
compost application.
The application of com post also significantly increased the Cl' 
concentrations of the leachates for all the soils (Fig. 4.3 and Table 4.2). The 
significant increases of Cl' were observed at 2 weeks, but not at 1, 2, and 3 
months. The cumulative concentrations of Cl' during the 0.5 month were higher 
than 250 mg/L, which is the secondary drinking water standard for Cl' (USEPA, 
1994), for all the compost treatments of the Commerce, Memphis, and Sharkey 
soils and for 112 and 224 Mg/ha treatments of the Baldwin soil. Chlorides are 
not usually adsorbed by soil chemical reactions and are not altered or changed
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Figure 4.2. Effect of compost r a te , sampling time, and soil on SO4-S. 
The 0, 56, 112, and 224 are Mg/ha compost rates. Standard error of 
the mean for the points at 0.5 month ranged from 20.1 to 83.6 mg/L.
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Figure 4.3. Effect of compost rate, sampling time, and soil on Cl’ in leachate.
The 0, 56,112, and 224 are Mg/ha compost rates. Sandard error of the
mean for the points at 0.5 month ranged from 2.89 to176 mg/L.
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by biological processes (Sawyer and McCarty, 1978). Thus, the high 
concentration of Cl' for the leachate could increase the Cl' of the ground water.
4.3.2. Leaching of P, K, Na, Ca, and Mg
The com post application significantly increased the P during the first 0.5 
month for the Sharkey soil, but did not significantly affect the Baldwin, 
Commerce, and Memphis soils (Fig. 4.4). The higher P in the leachate for the 
Sharkey soil than for the other soils may be due to the irrigation which led to 
lower Eh value for the Sharkey soil than for the other soils since the Sharkey 
soil has higher clay content (Table 4.1). As a  result of the decreased Eh, the 
soluble P added from the com post application was less likely to form Fe3+-P 
com pounds for the Sharkey soil than for the other soils. However, the 
concentrations of P in the leachates collected at 1, 2, and 3 months were below 
the ICP detection limit (0.12 mg/L). There is not a  drinking water standard for 
P. But since P is essential for the growth of algae in lakes and reservoirs, P is 
usually the factor that controls the algae bloom. The critical level of inorganic 
P for water is about 0.005 mg/L under summer growing conditions (Sawyer and 
McCarty, 1978). Thus, the possible runoff of P from com post am ended soils 
is more important than the potential leaching of P. This is even more likely 
since P does not leach rapidly within soil profiles as inorganic P, but is more 
likely to leach as  organic P, the dominant form in the com post (difference 
between extractable and total in Table 2.7). Thus, leaching may occur only 
when most of the P in the compost is mineralized.
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Figure 4.4. Effect of compost and soil on leachate P during the 
first 0.5 month. The B, C, M, and S are the Baldwin, Commerce, 
Memphis, and Sharkey soils, respectively. The * and NS are 
significant at P<0.05 and not significant, respectively.
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The K (Fig. 4.5) and Na (Fig. 4.6) concentrations in the leachates also 
increased with increasing com post rates. The increases of K and Na from the 
224 Mg/ha com post treatment during the first 2 weeks for the Commerce and 
Memphis soils were significantly higher than those for the Baldwin and Sharkey 
soils (Table 4.3). These results are due to the coarser texture and lower ECEC 
of the Commerce and Memphis soils (Table4.1). Generally, the concentrations 
of K in the leachates decreased rapidly during the first month, then decreased 
slowly with time. The Na concentrations in the leachates decreased greatly 
during the first month, then remained at low levels during the next two months. 
There are no drinking water standards for K and Na. But a  Na concentration 
of 20 mg/L or higher (USEPA, 1994) is potential health hazard for people with 
high blood pressure or hypertension.
The com post application increased the Mg (Fig. 4.7) and Ca (Fig. 4.8) 
levels in the leachates due to high exchangeable Mg (430 mg/kg) and Ca (2443 
mg/kg) from the compost. There was a  rapid release of Ca and Mg during the 
first month, followed by a  slower release. The Ca and Mg concentrations of the 
leachates for the 224 Mg/ha compost treatment of the Memphis soil were 
significantly lower than those for the 224 Mg/ha com post treatments of the 
other soils at 0.5 month (Table 4.3). This is due to the much lower initial 
exchangeable Ca and Mg in the Memphis soil (Table 4.1). Since most Ca and 
Mg in the leachates are likely to be adsorbed within subsoil, the Ca and Mg 
levels of the ground water should not be greatly increased. Additionally, Ca
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Table 4.3. Comparison of K, Na, Ca, and Mg concentrations between soils for 
the 224 Mg/ha com post treatment in the leachate collected at 0.5 month.
Soil K Na Ca Mg
Baldwin 51.7bf 445b
-  m g/L-------------------
674b 198.0b
Commerce 114.0a 1171a 799a 264.0a
Memphis 88.3a 1000a 483c 74.3c
Sharkey 52.3b 510b 839a 281.0a
t  Numbers within a  column with the sam e letter are not significantly different 
at the 0.05 probability based on least squares m eans test.
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Figure 4.7. Effect of compost rate, time, and soil on Mg in leachate.
The 0, 56, 112, and 224 are Mg/ha compost rates. Standard error
of the mean for the points at 0.5 month ranged from 0.33 to 45.2 mg/L.
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and Mg only affect water hardness and hard water is as  satisfactory for human 
consumption as soft water (Sawyer and McCarty, 1978).
4.3.3. Leaching of heavy metals
The Zn concentrations of the leachates for the 224 Mg/ha com post 
treatments significantly (P<0.05) increased from 0.04 mg/L for the control to 0.1 
mg/L of the Baldwin soil, 0.04 to 0.08 mg/L of the Commerce soil, and 0.04 to 
0.08 mg/L of the Memphis soil during the first 2 weeks. But the leachate Zn 
concentrations for most sam ples of the Sharkey soil were below the ICP 
detection limit (<0.005 mg/L). The low Zn concentrations for the Sharkey soil 
may be due to the high clay content and ECEC, which adsorbed the added 
soluble Zn through ion exchange and chemisorption reactions (McBride, 1989). 
The concentrations of Zn for samples collected at 1, 2, and 3 month were 
below the ICP detection limit for all the soils. The secondary drinking water 
standard for Zn is 5 mg/L (USEPA, 1994). Thus, com post application would 
not increase groundwater Zn concentration to toxic level.
The leachate Cu content increased as  the com post rates increased for 
all the soils (Fig. 4.9). The increased Cu concentrations for all rates were much 
lower than the secondary drinking water standards (1 mg/L; USEPA, 1994). 
Generally, the leachate Cu concentrations for the Baldwin and Memphis soils 
decreased during the first month, especially the high rate treatments. There was 
little change of Cu after the first month of the experiment. The initial high
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Figure 4.9. Effect of ocmpost rate, time, and soil on Cu in leachate. 
The 0, 56, 112, and 224 are Mg/ha compost rates.
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concentrations and subsequently low concentrations of heavy metals have 
been observed for composted sewage sludge in plant containers (Sawhney et 
al., 1992). The initial high Cu concentrations may be attributed to the leaching 
of water soluble and organically chelated Cu from the added com post 
(Giusquiani et al., 1992). The Cu levels of the Commerce soil decreased 
generally with time for the 112 and 224 Mg/ha com post treatments. But there 
were no trends to describe the Cu concentration changes with time for the 
Sharkey soil.
Data in Figure 4.10 show the compost application significantly increased 
leachate Mn for the Baldwin, Commerce, and Sharkey soils, but not for the 
Memphis soil. The increased Mn was much higher for the Sharkey soil than for 
the other soils. This may result from the lowest initial soil pH (Table 4.1) for the 
Sharkey soil compared to the other soils. The solubility of Mn and most other 
metals increases as pH decreases (Kabata-Pendias and Pendias, 1992). Also, 
because the Sharkey soil has higher clay content than the other soils, it is more 
likely to have lower Eh value than other soils following the irrigation. The 
solubility of Mn in the Sharkey soil would increase as  Mn4+ was reduced to 
Mn2+. The Mn concentrations for most samples collected at 1, 2, and 3 months 
were below the ICP detection limits (<0.002 mg/L). The secondary drinking 
water standard for Mn is 0.05 mg/L. Although the Mn concentrations in the 
leachates were higher than the standard during the first two weeks, Mn may not
182
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Figure 4.10. Effect of compost and soil on leachate Mn during the first 
0.5 month. The B, C, M, and S are the Baldwin, Commerce, Memphis, 
and Sharkey soils, respectively. The * and NS are significant at P<0.05 
and not significant, respectively.
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get into ground water since Mn could be rapidly converted to less soluble form 
and absorbed by subsoil.
The leachate Fe concentrations for all the soils had no significant 
changes following the com post addition. They ranged from 0.02 to 0.05 mg/kg 
for the Baldwin soil, 0.03 to 0.05 mg/kg for the Commerce soil, 0.01 to 0.03 
mg/kg for the Memphis soil, and 0.02 to 0.04 mg/kg for the Sharkey soil as a  
function of com post rate. All the values were much lower than 0.3 mg/L, the 
secondary drinking water standard (USEPA, 1994). The leachate 
concentrations of Cd, Pb, Cr, and As for each sampling time were below the 
ICP detection limits (Cd<0.005, Pb<0.09, Cr<0.008, and As<0.06 mg/L).
4.3.4. Accum ulation of heavy m etals
The com post application significantly increased the soil extractable Zn 
for all the soils (Fig. 4.11). This is attributed to the compost that contained 36.6 
mg/kg extractable Zn. Generally, the extractable Zn concentrations decreased 
with time (Fig. 4.12). The decrease of Zn may be due to readily available forms 
gradually changing to unavailable or immobile forms (Leeper, 1972). Also, the 
com post with a  pH 7.3 would increase the soil pH and the solubility of Zn 
would subsequently decrease (Lindsay, 1979).
Extractable Ni decreases were observed for the Commerce and Sharkey 
soils. However, there were no significant changes for the Baldwin and 
Memphis soils (Fig. 4.11). The decreased Ni may be a  result of higher soil pH
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Figure 4.11. Effect of compost rate and soil on extractable soil 
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following the com post application. The extractable Ni slowly decreased during 
the first two months, then there were only small changes during the next ten 
months for the Baldwin, Commerce, and Sharkey soils (Fig. 4.12). However, 
no significant changes of extractable Ni with time was noted for the Memphis 
soil.
Extractable Pb increased with increasing com post application rate for the 
Commerce, Memphis, and Sharkey soils, while extractable Pb did not 
significantly chang for the Baldwin soil (Fig. 4.11). Although the extractable Pb 
significantly changed with time for the Baldwin, Commerce, and Sharkey soils, 
there were no significant trends to describe these changes (Fig. 4.12). For the 
Memphis soil, there was no significant change of extractable Pb with time.
Extractable Cu increased for all the soils resulting from the com post 
addition (Fig. 4.13). There were significant changes of extractable Cu with time 
for the 224 Mg/ha compost treatment of the Baldwin and Memphis soils, 56, 
112, and 224 Mg/ha com post treatments of the Commerce soil, and 112 and 
224 Mg/ha com post treatments of the Sharkey soil (Fig. 4.13). Generally, the 
extractable Cu increased during the first month, but decreased during the next 
month for all soils. After two months, the extractable Cu generally remained 
constant throughout the last 10 months with one exception. The Cu 
concentration for the 224 Mg/ha com post treatment of the Sharkey soil greatly 
increased during the third month, then slowly decreased during the last nine
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months. The increases of extractable Cu during the first month may be due to 
the added soluble organic molecules from the compost addition. These 
molecules can increase solubility of soil-Cu by complexing soil-Cu (Clapp et al., 
1986). Like the extractable Zn, the decreases of the extractable Cu after the 
first month may result from readily available forms gradually changing to 
unavailable or immobile forms and the increase of soil pH. Leaching of Cu 
may also attribute to the decrease of Cu.
The decreased Mn concentrations for the Baldwin, Commerce, and 
Sharkey soils were observed following the com post application (Fig. 4.14). The 
decreases of soil Mn may be caused by the increased soil pH because Mn is 
converted to less soluble forms at higher pH values (Sims, 1986). The 
extractable Mn significantly changed with time for all compost rates and soils 
The extractable Mn rapidly decreased during the first two months, then had 
small changes for the Baldwin, Commerce, and Memphis soils, but continued 
to decrease for the Sharkey soil. The decreased Mn with time may be due to 
readily available forms gradually changing to unavailable or immobile forms 
(Leeper, 1972). The leaching of soluble Mn after the compost application may 
also contributed to the decreased extractable soil Mn, especially for the 
Sharkey soil.
Data in Figure 4.15 show that extractable Fe increased for the Memphis 
and Sharkey soils, had little change for the Baldwin soil, but decreased for the 
Commerce soil. This result indicates that the change of extractable Fe in
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Figure 4.14. Effect of compost rate, time, and soil on extractable soil Mn.
The 0, 56, 112, and 224 are Mg/ha compost rates. The * is significant
at P<0.05.
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com post amended soils depends upon soil type. The extractable Fe for the 
Commerce and Memphis soils showed decreasing patterns during the first two 
months, then had little variation during the next ten months. There were no 
significant trends for the Baldwin and Sharkey soils.
4.4. Summary and Conclusions
The compost application increased leachate N03-N, S 0 4-S, Cl', P, K, Na, 
Mg, and Ca concentrations. In most cases, the increased levels were higher 
than the primary or secondary drinking water standards only during the first two 
weeks following com post addition. The compost application also increased Zn, 
Cu, and Mn in the leachate. The increased Cu and Zn concentrations were 
below the drinking water standards. But for Mn, the increased Mn was higher 
than the secondary drinking water standard during the first 2 weeks following 
the com post application. The Mn will probably not get into the groundwater 
because of its rapid conversion to less soluble forms and being adsorbed on 
soil exchange sites.
Based on the increased levels and the effect on human health of all the 
elements, N03-N appears to be the limiting factor for the land application of the 
compost. A 112 Mg/ha (1232 kg/ha N) or lower rate of the compost application 
should not lead to ground water contamination. But, it is necessary to conduct 
further research to determine the maximum com post loading rate that will not 
result in ground water contamination.
The com post application increased soil extractable Zn, Cu, and Pb, but 
decreased Mn and Ni. The extractable Fe concentration depended on soil 
type. Generally, the soil extractable metal concentrations decreased rapidly 
during the first two months after com post application, then had little change or 
decreased slowly with time. These results suggest that the accumulation of 
heavy metals may occur, but the hazards of heavy metals would decrease with 
time for most short term com post applications. Further study is necessary to 
address the fate of heavy metals for soils with long term and multiple com post 
applications. Also, studies need to determine heavy metal availability long after 
single com post application. Since heavy metal availability may increase with 
time as organic matter decom poses and pH drops after com post application 
is stopped.
CHAPTER 5 
SUMMARY AND CONCLUSIONS
The continuous increases of waste materials and decreases of disposal 
sites have led to a  growing interest to study the possibilities of land application 
of the waste materials. Sewage sludge, solid waste, and their com post can be 
important a s  a  renewable resource in helping to improve soil fertility and 
provide a  number of plant nutrients. But their application may also result in the 
accumulation of heavy metals within soils and leaching of nutrients and heavy 
metals into ground water. Thus, in order to understand the fate of added 
nutrients and heavy metals from the waste material application, the objectives 
of this study were to investigate: 1) the effect of com posted municipal waste 
and fertilizer on soil chemical properties; 2) the effect of com posted municipal 
waste and fertilizer on sugarcane elemental uptake and yield; and 3) 
leachability of elements from composted municipal waste am ended soils.
Three field studies were conducted to determine the effects of 
com posted municipal waste and fertilizer on soil chemical properties and 
sugarcane elemental uptake and yield on two soils, a  Baldwin silty clay loam 
and a  Memphis silt loam. Results demonstrated that the application of high 
rates (>33.6 Mg/ha) of com post increased soil nutrients, organic matter and 
pH. However, low rates (<22.4 Mg/ha) com post addition had little effect on 
soil chemical properties. The studies also showed that heavy metals increased 
following com post application, but the increased levels were far below toxic
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levels. In addition, the solubility of the increased metals decreased with time. 
According to the loading rates of Zn, Cu, Cd, and Pb specified by Louisiana 
Department of Environmental Quality (DEQ) (1994), if 134.4 Mg/ha com post is 
applied every four years and there is no removal of heavy metals by cropping, 
the limiting of com post addition is 71 years for Cu, 77 years for Zn, 88 years 
for Cd, and 606 years for Pb for the Baldwin soil. Like the Baldwin soil, Cu is 
the limiting factor for the Memphis soil. Based on the assum ptions described 
above, com post application can continue for 35 years for the Memphis soil.
It was found that com post application was beneficial for sugarcane 
growth. Results showed that compost application increased plant tissue N and 
K for the Baldwin soil with high compost rates and K for the Memphis soil. But, 
because of high P in the initial soils, the increased soil P from the com post 
application had no effect on plant tissue P. Fertilizer addition increased plant 
tissue N for all studies. Although som e heavy metals (Cu, Zn, Cd, and Pb) 
increased for the compost amended soil, no accumulation of heavy metal was 
found within the plant tissue except for one case, the plant tissue Cu was 
significantly higher for the 11.2 Mg/ha com post treatment than for the control 
for the Baldwin soil. But this increased Cu concentration is much lower than 
the toxic level. Despite this exception, the result suggests that the standard 
DTPA method for extractable trace metals does not have a  predictive ability for 
sugarcane plant uptake of metals from compost amended soils.
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Sugar juice analyses showed that com post application increased K, but 
Ca and Mg declined for the Memphis soil. Generally, P and S in the sugar 
juice decreased due to fertilizer addition. There was no heavy metal 
accumulation in the sugar juice for any of the studies. This fact indicates that 
com post application is not detrimental to sugarcane quality.
The application of 134.4 Mg/ha or higher com post produced plant cane 
and sugar yields equivalent to those obtained by applying the recommended 
amounts of inorganic fertilizer (179 kg N, 101 kg P20 5, 134 kg I^O, and 27 kg 
S per hectare) for the Baldwin soil, but had no significant effect on cane and 
sugar yields for the Memphis soil. Fertilizer addition increased plant cane and 
sugar yields for all studies. The correlation analysis demonstrated that 
increased plant cane and sugar yields were related to N. Therefore, it is 
believed that the increased plant cane and sugar yields following the com post 
application for the Baldwin soil is a  result of the increase of soil N. Also, since 
the Baldwin soil is poorly drained, the increased soil organic matter after the 
com post application would improve the infiltration and aeration of this soil. As 
a  consequence, the efficiency of nutrients, especially for N, would be increased. 
Based on all results, the 134.4 Mg/ha com post rate is recommended to replace 
fertilizer for the Baldwin soil. If no com post application is applied, current N 
fertilizer (179 kg N/ha) for plant cane and stubble cane and S fertilizer (27 kg 
S/ha) for stubble cane are recommended. Less K (<134 kg KgO/ha) and P 
fertilizer (<101 kg P20 5) are recommended. For the Memphis soil, under
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current soil fertility status, com post application is not recommended because 
the com post application did not increase sugarcane yields. But, compost 
application is recommended when K and P concentrations of this soil are low. 
The sam e fertilizer rate as the Baldwin soil is recommended for the Memphis 
soil. Leaching experiments using soil columns showed that the compost 
application increased nutrients and heavy metals in the leachates. Most 
increased levels of nutrients were higher than the primary or secondary drinking 
water standards, but only during the first 2 weeks after com post addition. The 
increased heavy metals were all below the drinking water standards except Mn, 
which was higher than the secondary drinking water standard during the first 
two weeks. Based on the increased levels and the effect on human health of 
all tested elements, N 03-N appears to be the limiting factor for land application 
of the compost. It was found that 112 Mg/ha (1232 kg/ha N) or lower rate of 
the com post application should not lead to ground water contamination.
Further study needs to be conducted to find the maximum compost 
application rate that will not result in ground water contamination. Although the 
DTPA method has becom e the standard index of bioavailable trace metals, the 
soil testing results using the method for com post am ended soil are not suitable. 
Monitoring soil solution ion activity may improve predicting bioavailability of 
trace metals for com post am ended soils.
REFERENCES
Abd-EI-Malek, Y., A.I. Naguib, and M.A. Guirguis. 1968. The effect of organic 
matter additions on soil respiration, soil nitrogen and microbial activity. 
Ann. Inst. Pasteur. 115:657-668.
Ahrens, E., and G. Farkasdi. 1969. Investigations on nitrogen mineralization 
in soil after application of town refuse of different degrees of 
decomposition. Sonderh. Landw. Forsch. 23(2):77-78.
Airan, D.S., and J.H. Bell. 1980. Resource recovery through composting - 
sleeping giant, p. 121-129. In Proc. 1980 Natl. Waste Process. Conf., 
Washington, DC. 11-14 May 1980. Am. Soc. Mech. Eng., New York, NY.
Andersson, A., and K.O. Nilsson. 1972. Enrichment of trace elements from 
sewage sludge fertilizers on soils and plants. Ambio. 1:176-179.
Andersson, A. 1977. Som e aspects on the significance of heavy metals in 
sewage sludge and related products used as fertilizers. Swedish J. 
Agric. 7:1-5.
Baker, D.E., and P.F. Low. 1970. Effect of the sol-gel transformation in clay- 
water systems on biological activity: II. Sodium uptake by corn seedings. 
Soil Sci. Soc. Am. Proc. 34:49-56.
Baker, D.E., and M.C. Amacher. 1982. Nickel, copper, zinc, and cadmium, p. 
323-336. In A.L. Page et al.(ed.) Methods of soil analysis. Part 2. 2nd ed. 
Agronomy Monogr. 9. ASA and SSSA, Madison, Wl.
Barbera, A. 1987. Extraction and dosage of heavy metals from compost- 
amended soils, p. 598-614. In M. De Bertoldi et al. (ed.) Compost: 
Production, quality, and use. Elsevier Applied Science Publisher, 
London.
Barrow, N.J. 1960. A comparison of the mineralization of nitrogen and of sulfur 
from decomposing organic materials. Aust. J. Agric. Res. 11:960-969.
Bell, P.F., B.R. Jam es, and R.L. Chaney. 1991. Heavy metal extractability in 
long-term sew age sludge and metal salt-amended soils. J. Environ. Qual. 
20:481-486.
Bengston, G.W., and J.J. Cornette. 1973. Disposal of composted municipal 
waste in a  plantation of young slash pine: Effects on soil and trees. J. 
Environ. Qual. 2:441-444.
197
198
Bergstrom, L. 1987. Leaching of 15-N-labled nitrate fertilizer applied to barley 
and a  grass ley. Acta Agric. Scand. 37:199-206.
Bergstrom, L., and R. Johansson. 1991. Leaching of nitrate from monilith 
lysimeters of different types of agricultural soils. J. Environ. Qual. 20:801- 
807.
Bernstein, L. 1964. Salt tolerance of plants, p. 23. USDA Agric. Inform. Bull. No. 
283.
Bockheim, J.D., T.C. Benzel, Rui-Lin Lu, and D.A. Thiel. 1988. Groundwater 
and soil leachate inorganic nitrogen in a  Wisconsin red pine plantation 
am ended with paper industry sludge. J. Environ. Qual. 17:729-734.
Bohn, H., B. McNeal, and G. O’Connor. 1985. Soil Chemistry. 2nd ed. John 
Wiley & Sons, New York.
Boswell, F.C. 1975. Municipal sewage sludge and selected element application 
to soil: Effect on soil and fescue. J. Environ. Qual. 4:267-272.
Bray, R.H., and L.T. Kurtz. 1945. Determination of total organic and available 
forms of phosphorus in soils. Soil Sci. 59:39-45.
Brockway, D.G. and D.H. Urie. 1983. Determining sludge fertilization rates 
for forests from nitrate-N in leachate and ground water. J. Environ. 
Qual. 12:487-492.
Bugbee, G.J., C.R. Frink, and D. Migneault. 1991. Growth of perennials and 
leaching of heavy metals in media amended with a  municipal leaf, 
sewage sludge and street sand compost. J. Environ. Hortic. 9:47-50.
Cabrera, F., E. Diaz, and L. Madrid. 1989. Effect of using urban com post as 
manure on soil contents of som e nutrients and heavy metals. J. Sci. 
Food Agric. 47:159-169.
Chaney, R.L. 1973. Crop and food chain effects of toxic elements in sludges 
and effluents, p. 129-141. In Proc. Joint Conf. Recycling Municipal 
Sludges and Effluents on Land. 9-13 July, Champaign, III. Nat. Assoc. 
State Univ. and Land Grant Coll., Washington, D.C.
Chang, A.C., J.E. Warneke, A.L. Page, and L.J. Lund. 1984. Accumulation of 
heavy metals in sewage sludge-treated soils. J. Environ. Qual. 13:87- 
91.
199
Chanyasak, V., M. Hirai, and H. Kubota. 1982. Changes of chemical 
com ponents and nitrogen transformation in water extracts during 
composting of garbage. J. Ferment. Technol. 60:439-446.
Chanyasak, V., A. Katayana, M.F. Hirai, S. Mori, and H. Kubota.1983a. Effect 
of com post maturity on growth of Komatsuna (Brassica rapa. var. 
pervidis) in Neubauer’s  pot. I. Comparison of growth in com post 
treatments with that in inorganic nutrient treatments a s  controls. Soil Sci. 
Plant Nutr. 29:239-250.
Chanyasak, V., A. Katayana, M.F. Hirai, S. Mori, and H. Kubota. 1983b. Effect 
of com post maturity on growth of Komatsuna (Brassica rapa. var. 
pervidis) in Neubauer’s  pot. II. Growth inhibitory factors and assessm ent 
of degree of maturity by org-C/org-N ratio of water extract. Soil Sci. Plant 
Nutr. 29:251-259.
Chu, L.M., and M.H. Wong. 1984. Application of refuse compost: Yield and 
metal uptake of three different food crops. Conservation and Recycling 
7:221-234.
Clapp, C.E., S.A. Stark, D.E. Caly, and W.E. Larson. 1986. Sewage sludge 
organic matter and soil properties, p. 209-253. In Y. Chen and Y. 
Avnimelech (ed.) The role of organic matter in modern agricultural. 
Martinus Nijhoff Publ., The Hague, Netherlands.
Dalmat, D.J., J.F. Parr, A. Von Lignau, and P.A. LaGuerre. 1982. 
Cocomposting’s potential for developing nations. BioCycle 22:43-47.
De Haan, S. 1981. Results of municipal waste com post research over more 
than fifty years at the Institute for Soil Fertility at Haren Groningen, the 
Netherlands. Neth. J. Agric. Sci. 29:49-61.
De Haan, S. 1986. Nitrogen in drainage water from containers with soils treated 
with different types of sewage sludge or municipal waste compost, 
including substrates consisting only of these products, p. 128-141. In A. 
Damkofoed, J.H. Williams, and P. L’Hermite (ed.) Efficient land use of 
sludge and manure. Elsevier Applied Science Publishers, New York, NY.
Dickens, R., A.E. Hiltbord, G. Orr, K. Sanderson, and D.G. Sturkee. 1971. 
Conservation of resources in municipal waste. US EPA. SW-13. 
Abstracted in Compost Sci. 13:3-7.
200
Dolar, S.G., J.R. Boyle, and D.R. Keeney. 1972. Papermill sludge disposal on 
soils : Effects on the yield and mineral composition of oats. J. Environ. 
Qual. 1:405-409.
Duggan, J.C. 1973. Utilization of municipal refuse compost. I. Field-scale 
com post demonstrations. Compost Sci. 14:1.
Duggan, J.C., and C.C. Wiles. 1976. Effects of municipal and nitrogen fertilizer 
on selected soils and plants. Compost Sci. 17:24-31.
Dyer, J.M. and A.S. Razvi. 1987. Assessing risk of solid waste compost. 
BioCycle 28(3):31-36.
Ellwardt, P.C. 1977. Variation in content of polycyclic aromatic hydrocarbons 
in soil and plants by using municipal waste com posts in agriculture, p. 
291-300. In: Proceedings of a  Symposium on Soil Organic Matter 
Studies. Vol. II International Atomic Energy Agency. Vienna.
Emmerich, W.E., L.J. Lund, A.L. Page, and A.C. Chang. 1982. Solid phase 
forms of heavy metals in sewage sludge-treated soils (cadmium, copper, 
nickel, zinc). J. Environ. Qual. 11:178-181.
Epstein, E., J.M. Taylor, and R.L. Chaney. 1976. Effects of sew age sludge 
and sludge com post applied to soil on som e soil physical and chemical 
properties. J. Environ. Qual. 5:422-426.
Feagley, S.E., M.S. Valdez, and W.H. Hudnall. 1994. Bleached, primary 
papermill sludge effect on common berm udagrass grown on a  mine soil. 
Soil Sci. 157:389-397.
Federal Register. 1990. Hazardous waste management system; identification 
and listing of hazardous waste; toxicity characteristic revisions. Fed. 
Regist. 55:11798-11865.
Fruchter, J.S., D. Rai, and J.M. Jachara. 1990. Identification of solubility- 
controlling solid phases in a  large fly ash field lysimeter. Environ. Sci. 
Technol. 24:1173-1179.
Fuller, W.H., and S. Bosma. 1965. The nitrogen requirement of som e municipal 
composts. Compost Sci. 6:26-32.
201
Furrer, O.J. and W. Stauffer. 1986. Influence of sewage sludge and slurry 
application on nutrient leaching losses, p. 108-115. In A. Damkofoed, 
J.H. Williams, and P. L’Hermite (ed.) Efficient land use of sludge and 
manure. Elsevier Applied Science Publishers, New York, NY.
Gaines, T.P., and S.T. Gaines. 1994. Soil texture effect on nitrate leaching in 
soil percolates. Commun. Soil Sci. Plant Anal. 25(13-14):2561-2570.
Gallardo-Lara, F., M. Azcon, M. Gomez, and E. Esteban. 1979. Poder fertilizante 
de  un com post de  basura urbana. I. Capacidad de  suministro de 
macronutrientes. Anal. Edaf. Agrobiol. 38(9-10): 1747-1764.
Gallardo-Lara, F., and R. Nogales. 1987. Effect of the application of town 
refuse com post on the soil-plant system: a  review. Biological W astes 
19:35-62.
Garcia, C., T. Hernandez, F. Costa, and J.C. del Rio. 1989. Study of the 
lipidic and humic fractions from organic waste before and after the 
composting process. Sci. Total Environ. 81:551-560.
Garcia, C., T. Hernandez, and F. Costa. 1990. The influence of composting 
and maturation processes on the heavy metal extractability from som e 
organic wastes. Biological Wastes 31:291-301.
Gee, G.W., and J.W. Bauder. 1986. Particle-size analysis, p. 383-411. In Arnold 
Klute et al. (ed.) Methods of soil analysis. Part 2. 2nd ed. Agronomy 
Monogr. 9. ASA, Madison, Wl.
Giordano, P.M., J.J. Mortvedt, and D.A. Mays. 1975. Effect of municipal wastes 
on crop yields and uptake of heavy metals. J. Environ. Qual. 4:394- 
399.
Giusquiani, P.L., G. Gigliotti, and D. Businelli. 1992. Mobility of heavy metals 
in urban waste-amended soils. J. Environ. Qual. 21:330-335.
Giusquiani, P.L., M. Pagliai, G. Gigliotti, D. Businelli, and A. Benetti. 1995. 
Urban waste compost: Effects on physical, chemical, and biochemical 
soil properties. J. Environ. Qual. 24:175-182.
Glenn, J., and D. Riggle. 1991. The state of garbage in America. BioCycle 
31:34-38.
202
Gogue, G.J., and K.C. Sanderson. 1975. Municipal com post as a  medium 
am endm ent for chrysanthemum culture. J. Am. Soc. Hort. Sci. 
100(3):213-216.
Golden, L.E. 1972. Relationship between fertilizer and leaf blade P and S and 
sugarcane yield in Louisiana. Proc. ISSCT, 14th Congress.
Golden, L.E. 1983. General comments concerning sugarcane yields and yield 
responses resulting from application of plant food and future 
expectations, p. 1-2. Agronomy Research Report No. 78, Dept, of Agron, 
La. Agr. Exp. Sta.
Gonzalez-Vila, F.J., C. Saiz-Jimenez, and F. Martin. 1982. Identification of 
free organic chemicals found in composted municipal refuse. J. Environ. 
Qual. 11:251-254.
Gray, K.R., and A.J. Biddlestone. 1980. Agricultural use of com posted town 
refuse, p. 279-305. In Inorganic pollution and agriculture. Proceedings 
of a  conference organized by the Agricultural Development and Advisory 
Sen/ice. Ministry of Agriculture. Fisheries and Food. London.
Guidi, G., M. Plagliai, and M. Giachetti. 1982. Modifications of som e physical 
and chemical soil properties following sludge and com post applications, 
p. 122-130. In G. Catroux et al. (ed.) The Influence of Sewage Sludge 
Application on Physical and Biological Properties of Soils. Dordrasht, 
the Netherlands.
Guidi, G., and G. Petruzzelli. 1989. Effects of com post on chemical and 
physical characteristics of soil. p. 53-60. In com post production and use: 
Technology, management, application and legislation. Proc. Int. Symp. 
on Compost, S. Michele all’Adige, Italy. 20-23 June 1989.
Gupta, S.K., M. Akmal, and J.P. Sinha. 1975. Study of the manurial value 
supercom post reinforced with single superphosphate. Proc. Nat. Acad. 
India. 45 (A), IV, 281-286.
Gupta, U.C., J.D.E. Sterling, and H.G. Nass. 1973. Influence of various rates of 
com post and nitrogen on the boron toxicity symptoms in barley and 
wheat. Can. J. Plant Sci. 53:451-456.
Harada, Y., A. Inoko, M. Tadaki, and T. Izawa. 1981. Maturity process of city 
refuse com post during piling. Soil Sci. Plant Nutr. 27:357-364.
203
Harkin, J.M. 1982. Wise use of Wisconsin’s  papermill sludge, p. 65-78. In C.A. 
Rock and J.A. Alexander (ed.) Long range disposal alternatives for pulp 
and paper sludges. Univ. of Maine Press, Orono, ME.
He, X., S.J. Traina, and T.J. Logan. 1992. Chemical properties of municipal 
solid waste composts. J. Environ. Qual. 21:318-329.
Hoffmann, G. 1983. Recycling of municipal waste com post in vineyard soils, 
p. 69. In B. Novak (ed.) Studies about humus. Transactions of the VIII 
International Symposium, Vol. I (Abstracts).
Hoffner, W., I. Konanci, and H. Hakerlerler. 1978. Influence of com post and 
Fe-compounds on the uptake of Fe, Zn and Mn by sunflower and maize 
in experiments. Zeitsch. Pflanzer. Bodenk. 141 (5):547-553.
Hogg, D.S., R.G. McLaren, and R.D. Swift. 1993. Desorption of copper from 
som e New Zealand soils. Soil Sci. Soc. Am. J. 57:360-366.
Hortenstine, C.C., and D.F. Rothwell. 1968. Garbage com post as  a  source of 
plant nutrients for oats and radishes. Compost Sci. 9:23-25.
Hortenstine, C.C., and D.F. Rothwell. 1969. Evaluation of com posted municipal 
refuse a s  a  plant nutrient source and soil amendment on Leon fine sand. 
Soil Crop Sci. Soc. Fla. Proc. 29:312-319.
Hortenstine, C.C., and D.F. Rothwell. 1972. The use of municipal com post in 
reclamation of phosphate-mining sand tailings. J. Environ. Qual., 1:415- 
418.
Hortenstine, C.C., and D.F. Rothwell. 1973. Pelletized municipal refuse com post 
a s  a  soil amendment and nutrient source for sorghum. J. Environ. Qual. 
2:343-345.
Hue, N.V., J.A. Silva, and R. Arifin. 1988. Sewage sludge-soi! interactions as 
m easured by plant and soil chemical composition. J. Environ. Qual. 
17:384-390.
Inbar, Y., Y, Chen, and Y. Hadar. 1990. Humic substances formed during 
the composting of organic matter. Soil Sci. Soc. Am. J. 54:1316-1323.
Islam, M.M., and N.I. Bhuiyan. 1988. Evaluation of various extractants for 
available sulfur in wetland rice (Orvza sativa) soils of Bangladesh. Indian 
J. Agric. Sci. 58:603-606.
204
Issac, R.A., and W.C. Johnson. 1975. Collaborative study of wet and dry ashing 
techniques for the elemental analysis of plant tissue by atomic 
absorption spectrophotometry. J. Assoc. Off. Anal. Chem. 58:436-440.
Jardine, P.M. Modeling nonequilibrium reactions of inorganic solutes in soil 
columns. SSSA Special Publ. No. 27, Soil Sci. Soc. of Am., Madison, Wl.
Kabata-Pendias, A., and H. Pendias. 1992. Trace Elements in Soils and Plants. 
CRC Press, Inc., Boca Baton, Florida.
Keller, L., and P.H. Brunner. 1983. Waste-related cadmium cycle in Switzerland. 
Ecotoxicology and Environmental Safety 7:141-150.
Keonoh, W. 1978. Effects of organic materials on soil chemical properties. J. 
Lorean Soc. Soil Sci. Fert. 2:161-174.
King, L.D., L.A. Rudgers, and L.R. Webber. 1974. Application of municipal 
refuse and liquid sew age sludge to agricultural land. I. Field study. J. 
Environ. Qual. 3:361-366.
King, L.D., A.J. Leyshon, and L.R. Webber. 1977. Application of municipal 
refuse and liquid sew age sludge to agricultural land. II. Lysimeter study. 
J. Environ. Qual. 6:67-71.
King, L.D., and P.M. Ciordano. 1986. Effect of sludges on heavy metals in 
soils and crops, p. 21-29. In L.D. King (ed.) Agricultural use of municipal 
and industrial sludges in the southern United States. Southern Coop. 
Series Bull. 314. North Carolina State Univ., Raleigh, NC.
King, L.D., and L.M. Hajjar. 1990. The residual effect of sew age sludge on 
heavy metal content of tobacco and peanut. J. Environ. Qual. 19:738- 
748.
Kofoed, A.D., and P.S. Klausen. 1986. Leaching of nutrients from sew age 
sludge and animal manure, p. 116-127. In A. Damkofoed, J.H. Williams, 
and P. L’Hermite (ed.) Efficient land use of sludge and manure. Elsevier 
Applied Science Publishers, New York, NY.
Korcak, R.F., F.R. Gouin, and D.S. Fanning. 1979. Metal content of plants and 
soils in a  tree nursery treated with com posted sludge. J. Environ. Qual. 
8:63-68.
205
Kotuby-Amacher, J., and R.P. Gambrell. 1988. Factors affecting trace metal 
mobility in subsurface soils, p. 1-7. USEPA Rep. 600/52-88/306. Robert 
S. Kerr Environ. Res. Lab., Ada, OK.
Kropisz, A., and S. Russel. 1978. Effect of fertilization of light loamy soil with 
the Dano com post on microflora as  well as  on yields and chemical 
composition of cabbage. Rocz. Nauk. Rol., Ser. 103(2): 164-180.
Lake, D.L., P.W.W. Kirk, and J.N. Lester. 1984. Fractionation, characterization, 
and speciation of heavy metals in sew age sludge and sludge-amended 
soils: A review. J. Environ. Qual. 13:175-183.
Lamy, I., S. Bourgeois, and A. Bermond. 1993. Soil cadmium mobility as  a 
consequence of sew age sludge disposal. J. Environ. Qual. 22:731-737.
Leeper, G.W. 1972. Reactions of heavy metals with soils with special regard to 
their application in sewage wastes. Department of Army, Corps of 
Engineers, Washington, D.C., DACE 73-73-C-0026.
Leaper, G.W. 1978. Managing the heavy metals on the land. Dekker, New 
Work.
Leita, L., and M. De Nobili. 1991. Water-soluble fractions of heavy metals 
during composting of municipal solid waste. J. Environ. Qual. 20:73-78.
Liebhardt, W.C., and T.J. Koske. 1974. The lead content of various plant 
species as  affected by cycle-lite humus. Comm. Soil Sci. Plant Anal. 
5:85-92.
Lindsay, W.C., and W.A. Norvell. 1978. Development of a  DTPA soil test for 
zinc, iron, m anganese and copper. Soil Sci. Coc. Am. Proc. 42:421-428.
Lindsay, W.C. 1979. Chemical equilibria in soils. John Wiley & Sons, Inc. New 
York, NY.
List, D.J., C.L. Secor, M. Rutzke, and T. Kuntz. 1989. Elemental composition of 
municipal refuse ashes and their aqueous extracts from 18 incinerators. 
Bull. Environ. Contam. Toxicol. 42:534-539.
Louisiana Department of Environmental Quality. 1994. Environmental Regulatory 
Code VII. Solid Waste Regulations. 3rd. edition. Baton Rouge, LA.
206
Lumis, P.G., and A.G. Johnson. 1982. Boron toxicity and growth suppression 
of Forsythya and Thuja grown in mixes amended with municipal wastes 
compost. Hortscience 17(5):821-822.
Marschner, H. 1986. Mineral nutrition of higher plants. Academic Press, 
Lo/ition.
Mathias, E.L., O.L. Bennet, and P.E. Lundberg. 1979. Use of sew age sludge to 
establish tall fescue on strip mine spoils in West Birginia. p. 307-314. In 
W.E. Sopper and S.N. Kerr (ed.) Utilization of municipal sew age effluent 
and sludge on forest and disturbed land. Penn. State Univ. Press, 
University Park, PA.
Mays, D.A., G.L. Terman, and J.C. Duggan. 1973. Municipal compost: Effects 
on crop yields and soil properties. J. Environ. Qual. 2:89-92.
McBride, M.B. 1989. Reactions controlling heavy metal solubility in soil. Adv. 
Soil Sci. 10:1-56.
McCoy, J.L., L.J. Sikora, and R.R. Weil. 1986. Plant availability of phosphorus 
in sewage sludge compost. J. Environ. Qual. 15:403-409.
Minnich, M.M., M.B. McBride, and R.L. Chaney. 1987. Copper activity in soil 
solution. II. Relation to copper accumulation in young snapbeans. Soil 
Sci. Soc. Am. J. 51:573-578.
Mortvedt, J.J., and P.M. Giordano. 1975. Response of corn to zinc and 
chromium in municipal wastes applied to soil. J. Environ. Qual. 4:170- 
174.
Nelson, D.W., and L.E. Sommers. 1973. Determination of total nitrogen in plant 
material. Agron. J. 65:109-112.
Nelson, D.W., and L.E. Sommers. 1982. Total carbon, organic carbon, and 
organic matter, p. 539-579. In A.L. Page et al. (ed.) Methods of soil 
analysis . Part2. 2nd ed, ASA and SSSA, Madison, Wl.
Page, A.L. 1974. Fate and effects of trace elements in sew age sludge when 
applied to agricultural lands. Environ. Pro. Tech. Ser. EPA-670/2-274- 
005.
207
Page, A.L., and A.C. Chang. 1975. Trace element and plant nutrient constraints 
of recycling sew age sludges on agricultural land. Proc. Second Nat. 
Conf. of Water Reuse: Water’s  Interface with Energy, Air, and Solids, 
May 4-8, Chicago, IL.
Palaskar, M.S., and A.B. Ghlosh. 1985. An appraisal of som e soil test 
procedures for diagnosing sulfur availability to maize (Zea mays L.) 
grown on alluvial soils. Fert. News 30:25-30.
Parker, G.R., W.W. McFee, and J.M. Kelly. 1978. Metal distribution in forested 
ecosystem s in urban and rural Northwestern Indiana. J. Environ. Qual. 
7:337-342.
Parsa, A.A, and W.L. Lindsay. 1972. Plant value of zinc in organic wastes. Iran 
J. Agric. Res. 1(2):60-71.
Peevy, W.J. 1972. Soil test results and their use on making fertilizer and lime 
recommendations. La. Agric. Exp. Sta. Bulletin No. 680.
Petruzzelli, G., L. Lubrano, and G. Guidi. 1985. Heavy metal extractability. 
BioCycle 26:46-48.
Petruzzelli, G. 1989. Recycling wastes in agriculture: Heavy metal bioavailability. 
Agric. Ecosyst. Environ. 27:493-503.
Ponnamperuma, F.N., M.T. Clayton, and R.S. Lantin. 1981. Dilute hydrochloric 
acid as  an extractant for available zinc, copper, and boron in rice soils. 
Plant Soil 61:297-310.
Purves, D. 1973. Composting - No way to reuse refuse. Reclamation Industrial 
International, 1.
Purves, D., and E.J. McKenzie. 1973. Effects of applications of municipal 
com post on uptake of copper, zinc and boron by garden vegetables. 
Plant Soil 39:361-371.
Purves, D., and E.J. McKenzie. 1974. Phytotoxicity due to boron in municipal 
compost. Plant Soil 40:231-235.
Ricaud, R. 1965. Soil K and response of sugarcane to fertilizer K in Louisiana. 
La. Agr. Exp. Sta. Bull. 594.
Roletto, E., R. Barberis, M. Consiglio, and R. Jodice. 1985. Chemical 
parameters for evaluating compost maturity. BioCycle 26(3):46-47.
208
Rothwell, D., and C.C. Hortenstine. 1969. Composted municipal refuse: Its 
effects on carbon dioxide, nitrate, fungi and bacteria in Aredondo fine 
sand. Agron. J. 61:837-840.
Ryan, D.K., and J.H. Webber. 1982. Fluorescence quenching titration for 
determination of complexing capacities and stability constants of fulvic 
acid. Anal. Chem. 54:986-990.
Sanderson, K.C., H.P. Orr, and W.C.Jr. Martin. 1971. Utilization of processed 
garbage as  a  mulch for ornamentals 1967-1971. p. 1-12. Horticultural 
series No. 17, Univ. Auburne.
SAS Institute, Inc. 1985. SAS user’s  guide. Version 5 edition. SAS institute, 
Cary, NC.
Saviozzi, A., R. Levi-Minzi, and R. Riffaldi. 1988. Maturity evaluation of organic 
waste. BioCycle 29: 54-56.
Sawhney, B.L., G.J. Bugbee, and D.E. Stilwell. 1992. Heavy metals leachability 
from municipal compost, p. 122-132. In K.B. Hoddinott and T.A. O’Shay 
(ed.) Application of agricultural analysis in environmental studies. ASTM 
STP 1162. ASTM, Philadelphia, PA.
Sawhney, B.L., G.J. Bugbee, and D.E. Stilwell. 1994. Leachability of heavy 
metals from growth media containing source-separated municipal solid 
waste compost. J. Environ. Qual. 23:718-722.
Sawyer, C.N., and P.L. McCarty. 1978. Chemistry for Environmental 
Engineering. McGraw-Hill, Inc. New York, NY.
Scanlon, D.H., C. Duggan, and S.D. Bean. 1973. Evaluation of municipal 
com post for strip mine reclamation. Compost Sci. 14:4-8.
Schnitzer, M., and S.I.M. Skinner. 1966. Organo-metallic interactions in soils: 
5. Stability constants of Cu2+, Fe2+, and Zn2+-fulvic acid. Soil Sci. 
102:361-365.
Schnitzer, M. 1986. Binding of humic substances by soil mineral colloids, p. 78- 
100. In P.M. Huang and M. Schnitzer (ed.) Interaction of soil minerals 
with natural organics and microbes. SSSA Special Publ. NO. 17, SSSA, 
Madison, Wl.
209
Sedberry, J.E., Jr., M.C. Amacher, D.P. Bligh, and O.D. Curtis. 1987. Plant- 
tissue analysis as  a  diagnostic aid in crop production. La. Agric. Exp. 
Sta. Bulletin No. 783.
Shuman, L.M., and O.E. Anderson. 1978. Relationship of extractable soil Mn 
to soil properties. Soil Sci. Soc. Am. J. 42:666-667.
Shuman, L.M. 1986. Effect of liming on the distribution of manganese, copper, 
iron, and zinc among soil fractions. Soil Sci. Soc. Am. J. 50:1236-1240
Sidle, R.C., and L.T. Kardos. 1979. Nitrate leaching in a  sludge treated forest 
soil. Soil Sci. Soc. Am. J. 43:278-282.
Sims, J.T. 1986. Soil pH effects on the distribution and plant availability of 
manganese, copper and zinc. Soil Sci. Soc. Am. J. 50:367-373.
Sims, J.T. 1990. Nitrogen mineralization and elemental availability in soils 
am ended with cocom posted sew age sludge. J. Environ. Qual. 19:669- 
675.
Sims, J.T., and J.S. Kline. 1991. Chemical fractionation and plant uptake of 
heavy metals in soils amended with co-composted sew age sludge. J. 
Environ. Qual. 20:387-395.
Soil Survey Staff. 1972. Soil survey laboratory methods and procedures for 
collecting soils samples. Soil Survey Investigation Rep. No. 1. Soil 
Conservation Service, USDA. Washington, D.C.
Sposito, G., K.M. Holtzclaw, and J. Baham. 1976. Analytical properties of the 
soluble, metal complexing fractions in sludge-soil mixtures I. 
Comparative structure chemistry of fulvic acid. J. Soil Sci. Soc. Am. 
40:691-697.
Sposito, G. 1984. The Surface Chemistry of Soils. Oxford University Press. New 
York, NY.
Sposito, G., L.J. Lund, and A.C. Chang. 1982. Trace metal chemistry in arid- 
zone field soils amended with sewage sludge: I. Fractionation of Ni, Cu, 
Zn, Cd, and Pb in solid phases. Soil Sci. Soc. Am. J. 46:260-264.
210
Stadelmain, F.X., and O.J. Furrer. 1984. Long-term effects of sew age sludge 
and pig slurry applications on micro-biological and chemical soil 
properties in field experiment, p 136-145. In J.H. Williams, G. Guidi, and 
P.L. Hermite (ed.) Long-term Effects of Sewage Sludge and Farm 
Slurries Application. Elsevier Applied Sci. Puble. London.
Suganhara, K., and A. Inoko. 1981. Comparison analysis of humus and 
characterization of humic acid obtained from city refuse compost. Soil 
Sci. Plant Nutr. 27:213-224.
Stevenson, F.J. 1982. Humus chemistry: Genesis, composition, reactions. 
John Wiley & Sons, New York.
Swift, R.S., and R.G. McLaren. 1991. Micronutrient sorption by soils and soil 
colloids, p. 257-292. In G.H. Bolt et al. (ed.) Interactions at the soil 
colloid-soi! solution interface. Kluwer Academic Publ., Dordrecht, the 
Netherlands.
Tabatabai, M.A., and Y.M. Chae. 1991. Mineralization of sulfur in soils amended 
with organic wastes. J. Environ. Qual. 20:684-690.
Tan, K.H. 1994. Environmental soil science. Dekker, New York, NY.
Terman, G.L., and D.A. Mays. 1973. Utilization of municipal solid waste 
compost: Research results at Muscle Shoals, Alabama. Compost Sc. 
14:18-21.
Terman, G.L., J.M. Soilean, and S.E. Allen. 1973. Municipal waste compost: 
Effects on crop yields and nutrient content in greenhouse pot 
experiments. J. Environ. Qual. 2:84-89.
Tester, C.F. 1990. Organic amendment efficts on physical and chemical 
properties of a  sandy soil. Soil Sc. Soc. Am. J. 54:827-831.
Thomas, G.W. Exchangeable cations. p159-165. In A.L. Page et al. (ed.) 
Methods of soil analysis. Part 2. 2nd ed. ASA-SSSA, Madison, Wl.
Thompson, L.M., and F.R., Troeh. 1978. Soils and soil fertility, p.516. McGraw- 
Hill, New York.
Tierney, C.E., and D.C. Martens. 1982. Soil-plant m anganese relationships with 
em phasis on soybeans. Commun. Soil Sc. Plant Anal. 13:909-925.
211
Troeh, F.R., and L.M. Thompson. 1993. Soils and soil fertility. Fifth edition. 
Oxford University Press, Inc. New York, NY.
USDA. 1954. Diagnosis and improvement of saline and alkali soils. Agriculture 
Handbook No.60. U.S. Covern. Print Off. Washington, D.C.
USDA-Soil Conservation Service. 1984. Soil survey investigation report no. 1.
U.S. Environmental Protection Agency. 1994. EPA National Primary Drinking 
Water Regulations. In Title 40-protection of environment. 40 CRF 141. 
U.S. Gov. Print. Office, Washington, DC.
U.S. Environmental Protection Agency. 1994. EPA National Secondary Drinking 
Water Regulations. In Title 40-protection of environment. 40 CRF 143. 
U.S. Gov. Print. Office, Washington, DC.
Walker, J.M., and M.J. O’Donnell. 1991. Comparative assessm ent of MSW 
com post characteristics. BioCycle 32:65-69.
Watanabe, M., and K. Kurihara. 1982. Physicochemical characteristics of 
municipal refuse com post for agricultural use. The Bulletin of the 
National Institute for Agricultural Sciences. Series B. No. 33:95-164.
White, P.J., M.J. Whitehouse, L.A. Warrel, and P.R. Burrill. 1981. Field 
calibration of a  soil sulfate test on sward lucerne on the eastern Darling 
Downs, Queensland. Aust. J. Exp. Agric. Anim. Husb. 110:303-310.
Williams, D.E., J. Vlamis, A.H. Pukite, and J.E. Corey. 1980. Trace element 
accumulation, movement, and distribution in the soil profile from 
massive applications of sewage sludge. Soil Sc. 129:119-132.
Wong, M.H., C.M. Mok, and L.M. Chu. 1983. Comparison of refuse com post 
and activated sludge for growing vegetables. Agricul. Wastes. 6:65-76.
VITA
Xianliang Wan was born on November, 1, 1963, in Shaowu, Fujian, 
China. He graduated from Fujian Agricultural College with a  bachelor of 
science in agronomy in July, 1983. From August, 1983, to July, 1985, he 
worked as a  assistant agronomist at Shaowu Agricultural Bureau, Fujian, China. 
He began his graduate program at South China Agricultural University, 
Guangzhou, China, in September, 1985. He started working at Guangzhou 
Environmental Protection Institute as a  environmental engineer in September, 
1987, until November, 1990. Meanwhile, he obtained his master of science in 
soil science in January, 1989. He started his doctoral program in the 
Department of Agronomy, Louisiana State University from January, 1991. Now 
he is a  candidate for the degree of doctor of philosophy in Agronomy.
212
DOCTORAL EXAMINATION AND DISSERTATION REPORT
Candidate:
Major Field:
Title of Dissertation:
Date of Examination:
Xianliang Wan 
Agronomy
Composted Municipal Waste and Fertilizer Effects 
on Soils and Sugarcane
Approved:
Major Prdfesflftr and Chairman
Graduate SchoolDean o:
EXAMINING COMMITTEE:
October 6, 1995
